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RESUMO

Considerando a necessidade do desenvolvimento de novos compostos antimicrobianos,
este trabalho teve como objetivo identificar a composi¢do quimica, a citotoxicidade e o
potencial antimicrobiano do 6leo essencial das folhas de Eugenia gracillima Kiaersk.
(Myrtaceae). O 6leo essencial de E. gracillima (EgEO) foi obtido através do método de
hidrodestilagdo em aparelho Clevenger e analisado quimicamente através da cromatografia
gasosa acoplada a espectrometria de massas (CG/EM). Todos os compostos identificados no
EQEQ pertencem a classe dos sesquiterpenos (97,02%). A citotoxicidade do EgEO avaliada em
eritrécitos e em linhagens de células tumorais, demonstrou baixo percentual de hemélise nas
concentragdes testadas (% de hemdlise: 0,29 — 10,47%) e elevado potencial inibitorio para as
linhagens de células tumorais (Clso: 10,8 — 35,0 pg/mL). A atividade antimicrobiana do EgEO foi
avaliada frente a linhagens padréo e multirresistentes dos patdgenos oportunistas de interesse
clinico Staphylococcus aureus e Candida glabrata. EQEO apresentou atividade inibitoria contra
todas as linhagens de S. aureus (CMI: 0,01 — 1,84 mg/mL) e C. glabrata (CMI: 0,92 — 3,68
mg/mL) testadas, atividade bactericida contra sete linhagens de S. aureus (CMB: 0,05 — 1,84
mg/mL) e atividade fungicida contra trés linhagens de C. glabrata (CMF: 0,92 — 3,69 mg/mL).
EQEOQ reduziu a biossintese do pigmento carotenoide estafiloxantina (STX) nas linhagens de S.
aureus testadas, sugerindo que o 6leo possui também atividade antiviruléncia. Nos ensaios in
vivo, Tenebrio molitor L. (Coleoptera: Tenebrionidae) foi utilizado como organismo modelo e
a dose letal (DL) foi determinada para diferentes estagios de desenvolvimento do inseto. Além
disso, o desenvolvimento de T. molitor foi avaliado ap0s aplicacéo de doses sub-letais de EQEO
em individuos no ultimo estagio larval do ciclo de vida. EQEO apresentou baixa toxicidade
(DLso: 4,55 — 5,98 e DLgo: 13,60 — 17,10 mg/mL) e ndo induziu altera¢fes morfologicas em T.
molitor. O mesmo organismo foi utilizado como modelo de infeccdo in vivo para avaliar o
potencial antimicrobiano do EGEO frente a S. aureus e C. glabrata. EQEO demontrou potencial
para tratar a infeccdo causada por cepas padrdo de S. aureus (Concentracdo de EQEO: 4,612
mg/mL) e C. glabrata (Concentracdo de EQEO: 2,302 mg/mL), sugerindo que 0s mecanismos
de resisténcia desenvolvidos ao longo do tempo pelas linhagens clinicas sejam favoraveis nas
condicdes in vivo. Este estudo demonstrou pela primeira vez que o 6leo essencial das folhas de
E. gracillima apresenta uma composicdo rica em sesquiterpenos, baixa toxicidade, além de
potencial antitumoral e antimicrobiano frente a linhagens padrdo e multirresistentes de

patdgenos oportunistas de interesse clinico.

Palavras-chave: Myrtaceae. Sesquiterpenos. Estafiloxantina. Antiviruléncia.



ABSTRACT

Considering the need for the development of new antimicrobial compounds, this work
aimed to identify the chemical composition, cytotoxicity and antimicrobial potential of Eugenia
gracillima Kiaersk. essential oil. (Myrtaceae). The E. gracillima essential oil (EQEO) was
obtained from fresh leaves by the hydrodistillation method in Clevenger apparatus and analyzed
chemically by gas chromatography coupled to mass spectrometry (GC/MS). All the compounds
identified in EGEO belong to the sesquiterpene class (97.02%). The cytotoxicity of EQEO
evaluated on erythrocytes and tumor cell lines demonstrated a low percentage of hemolysis at
the concentrations tested (% hemolysis: 0.29 - 10.47%) and high inhibitory potential for the
tumor cell lines (ICso: 10.8 - 35.0 ug / ml). The antimicrobial activity of EgEO was evaluated
against standard and multiresistant strains of opportunistic pathogens of clinical interest
Staphylococcus aureus and Candida glabrata. EQEO showed inhibitory activity against all
strains of S. aureus (MIC: 0.01 - 1.84 mg/mL) and C. glabrata (MIC: 0.92 - 3.68 mg/mL),
bactericidal activity against seven S. aureus strains (MBC: 0.05 - 1.84 mg/mL) and fungicidal
activity against three C. glabrata strains (MFC: 0.92 - 3.69 mg/mL). EgEO reduced the
biosynthesis of carotenoid pigment staphyloxanthin (STX) in the strains of S. aureus tested,
suggesting that the oil also has anti-virulence activity. In the in vivo tests, Tenebrio molitor L.
(Coleoptera: Tenebrionidae) was used as a model organism and the lethal dose (LD) was
determined for different stages of development of the insect. In addition, the development of T.
molitor was evaluated after application of sublethal doses of EQEO in individuals in the last
larval stage of the life cycle. EQEO presented low toxicity (LDso: 4.55 - 5.98 and LDgo: 13.60 -
17.10 mg/mL) and did not induce morphological changes in T. molitor. The same organism was
used as an in vivo infection model to evaluate the antimicrobial potential of EQEO against S.
aureus and C. glabrata. EQEO demonstrated potential to treat infection caused by the standard
strains of S. aureus (EgEO concentration: 4.612 mg/mL) and C. glabrata (EQEO concentration:
2.302 mg/mL), suggesting that resistance mechanisms developed over time by the clinical
strains are favorable in the in vivo conditions. This study demonstrated for the first time that the
essential oil of the leaves of E. gracillima presents a composition rich in sesquiterpenes, low
toxicity, besides antitumor and antimicrobial potential against standard and multiresistant

strains of opportunistic pathogens of clinical interest.

Keywords: Myrtaceae. Sesquiterpenes. Staphyloxanthin. Anti-virulence.
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1 INTRODUCAO

O surgimento acelerado de novos mecanismos de resisténcia microbiana tornou-se um
problema de salde publica mundial. A resisténcia aos antimicrobianos tem sido atribuida,
principalmente, ao uso exacerbado e indevido desses farmacos (PADIYARA; INOUE;
SPRENGER, 2018). O aumento da resisténcia microbiana tem levado a necessidade de novos
farmacos e novas classes de antimicrobianos, tanto para infecgdes adquiridas em hospitais

quanto na comunidade.

Staphylococcus aureus e Candida glabrata sdo considerados patdgenos oportunistas
relacionados a maltipla resisténcia aos antimicrobianos. S. aureus € um dos principais agentes
causadores de bacteremia, endocardite infecciosa, infecgOes osteoarticulares, cutaneas,
pleuropulmonares e infeccdes relacionadas a dispositivos médicos (ARYEE; EDGEWORTH,
2016). C. glabrata estd entre os trés principais agentes causadores de candidiase
(CAVALHEIRO et al., 2019). O crescente perfil de resisténcia apresentado por estes patogenos

torna necessario o desenvolvimento de novos farmacos para o tratamento das suas infecgdes.

Os oleos essenciais obtidos de plantas medicinais e aromaticas sdo compostos volateis
complexos. Algumas pesquisas sugerem que esses Oleos essenciais apresentam potencial
bioldgico, como por exemplo, antioxidante, anti-inflamatério, antitumoral e antimicrobiano
(TEIXEIRA et al., 2013; ALI et al., 2015). As propriedades antimicrobianas dos 6leos
essenciais contra diversos agentes patogénicos bacterianos, fangicos e virais, atribui-se a
presenca de diferentes classes de compostos em sua composicdo, tais como, terpenos, fendis e
aldeidos (AKHTAR; DEGAGA; AZAM, 2014).

A familia Myrtaceae abrange cerca de 132 géneros com aproximadamente 5.950
espécies, tem como caracteristica marcante a presenca de glandulas oleiferas translucidas nas
folhas, flores e frutos, o que justifica a producédo relativamente alta de éleos essenciais pelos
seus representantes (WATSON; DALLWITZ, 2017; BIDA et al., 2018). Um dos maiores
géneros da familia Myrtaceae é o Eugenia, cujas espécies produzem diversos metabolitos
secundarios com propriedades farmacologicas importantes (CANTANHEDE-FILHO et al.,
2017).

Eugenia gracillima Kiaersk. (Myrtaceae) é uma espécie nativa e endémica do Brasil. A
planta é um arbusto variando em altura de 1,5 a 5,0 metros, conhecida popularmente como

murta. No Nordeste, seus frutos sdo socioeconomicamente importantes, uma vez que Sao
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consumidos frescos ou processados em forma de polpa, suco, geéleia, licor ou sobremesas
(ARAUJO et al., 2016).

Considerando os aspectos mencionados, este estudo investigou o perfil fitoquimico, a
citotoxicidade e o potencial antimicrobiano do dleo essencial das folhas de E. gracillima
Kiaersk., frente a cepas padrdo e multirresistentes dos patdégenos oportunistas S. aureus e C.

glabrata.
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1.1 OBJETIVOS
1.1.1 Geral

Extrair, avaliar e caracterizar o perfil fitoquimico, a toxicidade e o potencial
antimicrobiano do 6leo essencial das folhas de E. gracillima contra os patdgenos oportunistas

S. aureus e C. glabrata.
1.1.2 Especificos

e Extrair o 6leo essencial a partir das folhas frescas de E. gracillima e caracterizar através
de cromatografia gasosa acoplada a espectrometria de massas (CG/EM).

e Avaliar a atividade antimicrobiana in vitro do 6leo essencial de E. gracillima (EgEO),
determinando a concentragdo minima inibitoria (CMI), a concentragdo minima
bactericida (CMB) e a concentragcdo minima fungicida (CMF) frente a cepas padréo e
multirresistentes de S. aureus e C. glabrata.

e Avaliar a cineética de crescimento de S. aureus e C. glabrata apds exposi¢do ao EgGEO.

e Investigar o potencial antiviruléncia do EgEO atraves de alteracdes na biossintese do
pigmento estafiloxantina (STX) por S. aureus.

e Avaliar a toxicidade in vivo do EgGEO utilizando T. molitor como organismo modelo.

e Auvaliar a atividade hemolitica in vitro do EQEO.

e Avaliar a atividade citotdoxica in vitro do EgEO frente a linhagens celulares tumorais.

e Avaliar o potencial antimicrobiano in vivo do EgEO utilizando T. molitor como

organismo hospedeiro para S. aureus e C. glabrata.



Gongcalves, J. P. Caracterizacdo quimica e avaliagdo da toxicidade e do potencial... 19

2 REVISAO BIBLIOGRAFICA
2.1 RESISTENCIA AOS ANTIMICROBIANOS

A resisténcia aos antimicrobianos tornou-se um importante problema de satde publica.
Em 2014, o relatério global sobre resisténcia antimicrobiana da Organizacdo Mundial de Salde
(OMS) considerou que o crescimento da resisténcia aos antimicrobianos é uma ameaca a saude
mundial (WHO, 2014). Do ponto de vista epidemioldgico, microrganismos resistentes séo
aqueles que apresentam resisténcia a uma ou mais classes de antimicrobianos. Sob a perspectiva
laboratorial, entende-se como o crescimento de um microrganismo in vitro na presenca de
drogas que comumente interfeririam em suas fungbGes de crescimento, as quais Seriam
habitualmente sensiveis (CLSI, 2015).

Esse mecanismo € um processo natural observado desde a descoberta dos primeiros
antibidticos. Estudos demonstraram que, de fato, os genes que conferem resisténcia a drogas
em algumas cepas de microrganismos pré-datam os antibioticos em milhdes de anos. Embora
a resisténcia seja um processo evolutivo normal para os microrganismos, ela foi acelerada pela
pressdo seletiva exercida pelo uso generalizado de drogas antibidticas. A resisténcia aos
antimicrobianos como problema de salde publica emergiu como consequéncia do uso

indiscriminado pela populacgéo e das prescri¢des inapropriadas (VENTOLA, 2015).

Existem duas estratégias genéticas gerais de resisténcia. Uma compreende mecanismos
que transferem resisténcia verticalmente de um microrganismo para sua progénie, tais como
mutacbes em genes cromossdmicos. A segunda consiste na tranferéncia de genes
horizontalmente para outros microrganismos, até mesmo entre os de diferentes géneros.
Elementos genéticos moveis, como os plasmideos, podem transportar um ou mais genes de
resisténcia. Muitos dos genes de B-lactamases que conferem resisténcia as penicilinas e

cefalosporinas, estdo localizados em tais elementos (BROWN; WRIGHT, 2016).

Os principais mecanismos de resisténcia aos antimicrobianos incluem alteracéo do alvo,
efluxo, imunidade e destruicdo catalisada por enzimas. A modificacdo do alvo pode ocorrer
através da mutacdo dos préprios alvos - por exemplo, as topoisomerases que sdo o alvo dos
antibidticos de fluoroquinolona - ou pela producdo de enzimas que modificam alvos
antibidticos, como, por exemplo, na metilacdo ribossémica. O efluxo ocorre através de uma
grande familia de proteinas que atuam como bombas expulsando os antibidticos do interior da

celula. Na resisténcia & vancomicina uma maquinaria biossintética é responsavel pela alteracéo
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da estrutura da parede celular, que tem como objetivo expulsar as drogas da célula. Na
imunidade, os antibidticos ou os seus alvos estdo ligados por proteinas que impedem a ligacdo
do antibidtico ao seu alvo. Provavelmente, o mecanismo mais especifico e evoluido de
resisténcia aos antibidticos sdo enzimas que reconhecem antibi6ticos e os modificam de forma
a eliminar as caracteristicas funcionais que lhes permitem interagir com seus alvos. Por
exemplo, as B-lactamases que separam hidrolisam o anel B-lactdmico do ndcleo que é

caracteristico da classe, essencial para a acéo antibiética (BLAIR et al., 2015).

A continua emergéncia de microrganismos resistentes em instituicGes de satde e na
comunidade constitui um grande desafio e tem mobilizado 6rgdos nacionais e internacionais de
satde. No seu primeiro relatério global sobre resisténcia antimicrobiana, publicado em 2014, a
OMS afirmou que o mundo caminha para uma era pos-antibidticos. O relatorio discute a
resisténcia de diversos agentes infecciosos, aléem de descrever estratégias para 0 combate a
resisténcia aos antimicrobianos, tais como, uso racional dos antibioticos, prescri¢do adequada

e incentivo a pesquisa de novos compostos (WHO, 2014).

A prevaléncia e a mobilidade de genes de resisténcia em microrganismos patogénicos
previamente sensiveis alcangaram niveis criticos em muitos casos. O desenvolvimento de novos
agentes antimicrobianos ndo tem acompanhado a evolucdo microbiana. Portanto, considerando
a necessidade do desenvolvimento de novos agentes antimicrobianos, a OMS publicou em 2017
uma lista de agentes patogénicos prioritarios classificados nos niveis critico, elevado e médio.
O grupo critico inclui as bactérias multirresistentes dos géneros Acinetobacter e Pseudomonas,
além de varias bactérias da familia Enterobacteriaceae (Klebsiella pneumoniae, Escherichia
coli, Enterobacter spp., Serratia spp., Proteus spp., Providencia spp., Morganella spp.). O
segundo e terceiro niveis da lista reinem outras bactérias cada vez mais resistentes aos
farmacos, tais como, S. aureus, Salmonella spp. e Neisseria gonorrhoeae. De acordo com a
OMS, a publicacdo do documento € um apelo aos governos para que implementem politicas de
incentivo a pesquisa cientifica basica e avancada, tanto por meio de agéncias financiadas pelo

setor publico quanto pelo setor privado (WHO, 2017).
2.2 GENERO Staphylococcus

O género Staphylococcus foi descrito pela primeira vez em 1880, pelo cirurgido escocés
Alexander Ogston ao observar pus de um abscesso cirargico. Em 1884, o médico alemédo
Friedrich Julius Rosenbach diferenciou duas espécies através da cor de suas coldnias: S. aureus

(do latim aurum, ouro) e S. albus (do latim albus, branco). S. albus foi mais tarde renomeado
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S. epidermidis por causa da sua ubiquidade na pele humana (LICITRA, 2013). Atualmente, de
acordo com a LPSN - List of Prokaryotic names with Standing in Nomenclature (2017), o
género possui 52 espécies e 28 subespécies.

Staphylococcus sdo cocos Gram-positivos, que se apresentam isolados, aos pares, em
cadeias curtas, ou agrupados irregularmente (aspecto semelhante a um cacho de uvas), medem
entre 0,5 a 1,5 um de didmetro, imdveis, aerébios ou anaerdbios facultativos, ndo-esporulados
e geralmente ndo-encapsulados. As col6nias medem de 1 a 3 mm de didmetro e a coloragéo
varia do branco a varios tons de amarelo, dependendo da espécie (MURRAY; ROSENTHAL;
PFALLER, 2017).

Staphylococcus estdo associados a infeccOes cutaneas, doencas respiratorias e
intoxicacdo alimentar. As principais espéecies envolvidas em processos patogénicos humanos
sdo S. aureus, S. epidermidis e S. saprophyticus. A espécie de maior interesse médico é S.

aureus, frequentemente relacionada com diversas infec¢cdes humanas (LICITRA, 2013).
2.2.1 Staphylococcus aureus

Staphylococcus aureus € uma bactéria comensal, frequentemente encontrada nas fossas
nasais e na pele de pessoas saudaveis. Entretanto, em situagdes de imunossupressdo ou
comprometimento da barreira cutanea por trauma ou cirurgia, S. aureus pode causar desde
infeccdes simples, como espinhas e furdnculos, até infeccbes graves, como meningite e
pneumonia. Considerado um dos principais patdgenos humanos, S. aureus € o principal
microrganismo causador de bacteremia, endocardite infecciosa, infeccdes osteoarticulares,
cutaneas, pleuropulmonares e infeccbes relacionadas a dispositivos médicos, tais como,
cateteres intravenosos, valvulas cardiacas, articulacdes protésicas e tubos endotraqueais
(ARYEE; EDGEWORTH, 2016).

S. aureus se destaca por sua elevada frequéncia e patogenicidade, além de estar
associado a multipla resisténcia aos antibiéticos (ARYEE; EDGEWORTH, 2016). Esse
microrganismo conseguiu evoluir adquirindo resisténcia a quase todos os antibiéticos usados
para o tratamento das suas infec¢Bes. A resisténcia a penicilina foi relatada em 1942, apenas
um ano apés a introducdo da droga (RAMMELKAMP, 1942). Na década de 1950, as infeccdes
causadas por S. aureus resistentes a penicilina ultrapassavam mais da metade dos casos

relatados em grandes hospitais. Além disso, o microrganismo foi capaz de desenvolver
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resisténcia a outros antibidticos disponiveis, como eritromicina, estreptomicina, e tetraciclinas
(FINLAND, 1955; JESSEN et al., 1969).

A descoberta do mecanismo de resisténcia a penicilina baseado na produgdo de f-
lactamases, enzimas que promovem a hidrolise do anel P-lactdmico, incentivou o
desenvolvimento de antimicrobianos com modificagdes estruturais que impedissem a atuacédo
de tais enzimas (BONDI; DIETZ, 1945). Portanto, em 1959 foi introduzida a meticilina, uma
penicilina semi-sintética resistente as B-lactamases. Contudo, em apenas dois anos surgiram as
primeiras cepas de S. aureus resistentes a meticilina, identificadas pela sigla MRSA, também
resistentes aos demais B-lactamicos (BRUMFITT; HAMILTON-MILLER, 1989).

As infecgdes por MRSA foram consideradas um problema predominantemente
hospitalar até a década de 1980, quando foram registrados 0s primeiros casos por cepas de
origem comunitaria (CA-MRSA, S. aureus resistente a meticilina adquirido na comunidade).
Desde entdo, passaram a ser identificadas cepas de MRSA com caracteristicas geneticas e
fenotipicas diferentes das apresentadas pelas cepas hospitalares (HA-MRSA, S. aureus
resistente a meticilina adquirido em servigos de assisténcia a saude) (BASSETTI; NICCO;
MIKULSKA, 2009). Infeccbes por CA-MRSA tém se destacado devido sua rapida emergéncia,
aumento na prevaléncia e potencial para causar infeccdes graves (EVANGELISTA,
OLIVEIRA, 2015).

Desde o seu surgimento até os dias atuais MRSA constituem um desafio ao tratamento
com os antimicrobianos convencionais (STRYJEWSKI; COREY, 2014). As cepas de MRSA
evoluem constantemente através da mutacéo e absorcdo de elementos genéticos moveis que
conferem crescente resisténcia e viruléncia. A versatilidade de MRSA esta relacionada ao seu
potencial de se adaptar ao seu hospedeiro, bem como aos tratamentos desenvolvidos para
controlar seus danos invasivos (ARYEE; EDGEWORTH, 2016).

Os principais fatores de viruléncia (Tabela 1) do S. aureus sdo 0s componentes da

superficie celular, e a sintese de enzimas e de toxinas extracelulares (ZECCONI; SCALLI, 2013).
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Tabela 1. Principais fatores de viruléncia de Staphylococcus aureus e suas agdes no hospedeiro.

Fatores de Viruléncia

Acdes no Hospedeiro

Componentes da  Polissacarideo capsular
superficie celular Peptidoglicano

Acido teicoico

Adesinas

Proteina A

Estafiloxantina (Pigmento)

Toxinas Hemolisinas
extracelulares Leucocidinas

Toxina da Sindrome do Choque
Toxico (TSCT)

Enterotoxinas

Toxina Epidermolitica

Enzimas Coagulases

Lipases

Proteases

- lactamases (Penicilinases)
Estafiloquinases
Hialuronidases

Nucleases

Inibe a fagocitose
Piogénico e quimioatrativo

Ativa a via alternativa do complemento
e estimula a producéo de citocinas

Fixacdo ao epitélio do hospedeiro

Interage com a regido Fc das 1gG (acédo
antifagocitica)

Atua como antioxidante permitindo a
desintoxicacdo de espécies reativas de
oxigénio (ROS) geradas pelo sistema
imunologico do hospedeiro

Lisam os eritrocitos
Destroem os leucocitos

Liga-se as moléculas do MHC da classe
Il e induz a sintese de citocinas
causando maultiplas disfuncdes
organicas

Enterotoxigenicidade e efeito emético
relacionados a estimulacdo do sistema
nervoso central, apos atuacédo da toxina
nos receptores neurais dos intestinos

Rompe a ligacéo de células do estrato
granuloso da epiderme

Catalisam a conversao de fibrinogénio
em fibrina

Hidrolisam os lipidios
Degradam as proteinas
Quebram o anel - lactamico
Ativam o plasminogénio
Hidrolisam o &cido hialurdnico

Clivam tanto o DNA quanto o RNA

Fonte: ACOSTA et al., 2018; KWIECINSKI et al., 2016; LIU et al., 2008; SANTOS et al.,

2007.
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2.3 GENERO Candida

O género Candida foi descrito pela primeira vez em 1923, pela micologista aleméa
Christine Marie Berkhout. As espécies desse género sdo fungos unicelulares, dimorficos, com
células esféricas ou ovaladas, produzem brotamentos ou blastoconidios, e podem produzir
pseudo-hifas ou hifas verdadeiras, com excecdo de Candida glabrata (LEDERMANN, 2017).

As espécies de Candida residem como comensais, fazendo parte da microbiota normal
dos individuos sadios. Todavia, quando h&a uma ruptura no balanco normal da microbiota ou o
sistema imune do hospedeiro encontra-se comprometido, as espécies tendem a manifestacdes
agressivas, tornando-se patogénicas. As infeccBes por Candida, denominadas candidiases ou
candidoses, envolvem um amplo espectro de doencgas oportunistas superficiais e invasivas
(VAHEDI et al., 2015).

Além disso, as espécies de Candida possuem importantes fatores que facilitam a sua
multiplicacdo no hospedeiro possibilitando a producdo de infeccdes. Estes fatores estdo
relacionados principalmente a adesdo ao tecido do hospedeiro, capacidade de transformacéo de
leveduras para hifas, variabilidade de mudanca fenotipica (fendmeno switching), producéo de

exoenzimas hidroliticas e hemolisinas (SOLIS et al., 2018).

O principal agente causador das candidiases € C. albicans, estando presente em muitos
dos isolados de amostras clinicas, em seguida estdo C. parapsilosis, C. glabrata, C. tropicalis
e C. krusei (VALLABHANENI et al., 2016).

2.3.1 Candida glabrata

Diferente das outras espécies do género Candida, C. glabrata ndo € dimdrfica,
consequentemente é encontrada na forma de blastoconidios sob todas as condi¢cdes ambientais,
sendo a Unica espécie do género que ndo forma pseudo-hifas. Outra caracteristica distintiva de
C. glabrata é o seu genoma hapléide, em comparacdo com o genoma dipl6ide das outras
espécies do género (BOLOTIN-FUKUHARA; FAIRHEAD, 2016). Em meio Agar Sabouraud
Dextrose (ASD), forma col6nias pequenas, homogéneas e brilhantes, que sdo relativamente
indistinguiveis das outras espécies de Candida (BARBEDO; SGARBI, 2010).

Historicamente, Candida glabrata era considerado um microrganismo saproéfito e com
baixo poder patogénico, raramente causando infec¢cdes graves em humanos. No entanto, apos
0 uso generalizado e aumentado da terapia imunossupressora juntamente com a terapia

antimicotica de amplo espectro, a frequéncia de infeccGes mucosas e sistémicas causadas por
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C. glabrata aumentou significativamente. O patdgeno estd entre os trés principais agentes
causadores de candidiase (CAVALHEIRO et al., 2019).

C. glabrata desenvolveu estratégias como adesdo, formacao de biofilmes, capacidade
de sobrevivéncia nos macrdfagos e producdo de pigmentos, que justificam caracteristicas como
a sua elevada resisténcia aos farmacos e capacidade para sobreviver em condigdes escassas de
nutrientes. Tais caracteristicas permitem que C. glabrata seja considerado ndo apenas um
microrganismo comensal, mas também um patégeno oportunista de sucesso (MIYAZAKI;
KOHNO, 2014).

A adesdo constitui um mecanismo essencial para a colonizacao inicial e persistente do
microrganismo. C. glabrata apresenta um vasto grupo de proteinas glicosilfosfatidilinositol
(GPI) ancoradas na parede celular, muitas delas s&o potenciais adesinas (MIYAZAKI;
KOHNO, 2014). Além disso, C. glabrata possui a capacidade de colonizar os tecidos do
hospedeiro assim como superficies abioticas onde desenvolve complexas estruturas de
biofilme. Os biofilmes representam uma das estratégias de resisténcia de C. glabrata, pois
diminuem a sua sensibilidade a diversos antifungicos e originam infeccdes persistentes
(RODRIGUES et al., 2017).

Ap0s a adesdo, o passo seguinte na patogénese de Candida € a invasédo. Infeccdes por
C. albicans sdo caracterizadas por forte infiltracdo de neutrofilos e a sua flexibilidade
morfoldgica entre levedura e forma filamentosa desempenha um papel importante na fuga a
fagocitose e na penetracdo no tecido hospedeiro. De um modo geral, a presenca de hifas e 0s
danos celulares causados no hospedeiro em infecgdes por C. albicans origina uma resposta pro-
inflamatoria por meio de citocinas muito superior a causada por C. glabrata. C. glabrata,
contudo, ndo produz hifas e o0 seu comportamento sutil permite a sua persisténcia no hospedeiro

sem causar nenhuma resposta imunitaria relevante (BRUNKE; HUBE, 2013).

C. glabrata era considerada uma espécie ndo pigmentada, contudo alguns estudos
comprovaram a producdo de pigmentos derivados do indol. A producdo destes depende da
presenca de triptofano como fonte de nitrogénio. A principal fungéo da producéo de pigmentos
é a protecdo do patdgeno, sendo por isso considerado como um fator de viruléncia. Além disso,
0s pigmentos podem ter varias funcdes bioldgicas incluindo efeitos antioxidantes, que
contrariam o efeito de espécies reativas de oxigénio (ROS) produzidas pelo sistema imunitario
do hospedeiro (RODRIGUES; SILVA; HENRIQUES, 2014).
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As infecgOes por C. glabrata podem ser mucosas ou sistémicas, possuem alta taxa de
mortalidade, e sdo consideradas infecgfes de tratamento dificil, em muitos casos resistentes a
diversos agentes antifungicos azois, especialmente o fluconazol. Em geral, isolados clinicos de
C. glabrata apresentam menor sensibilidade ao fluconazol, e como consequéncia, um aumento
nos indices de infeccdo por C. glabrata tem sido observado em pacientes com exposi¢éo
prolongada ao fluconazol. Além dos problemas terapéuticos associados aos azdis, estudos
demonstram uma menor sensibilidade dos isolados clinicos também para anfotericina B.
Portanto, infec¢gdes por C. glabrata também sdo mais frequentes em pacientes previamente
expostos a anfotericina B (ALANGADEN, 2011).

Tabela 2. Principais fatores de viruléncia de Candida glabrata e suas a¢cdes no hospedeiro.

Fatores de Viruléncia Acdes no Hospedeiro

Componentes da  Adesinas Fixacdo ao epitélio do hospedeiro
superficie celular

Toxinas Hemolisinas Lisam os eritrocitos
extracelulares

Enzimas Proteinases Auxiliam na invasdo tecidual através
da sua atividade proteolitica

Fosfolipases Auxiliam na invasdo tecidual através
da hidrélise dos fosfolipidios

Coagulases Catalisam a conversao de fibrinogénio
em fibrina

Fonte: DAS MOHAN; BALLAL, 2008, DEORUKHKAR; SAINI; MATHEW, 2014.
2.4 PLANTAS MEDICINAIS

Desde a antiguidade os recursos vegetais sdo utilizados para o tratamento de diversas
doencas. Os primeiros registros escritos sobre a utilizacdo medicinal das plantas datam mais de
5.000 anos e foram realizados pela antiga civilizacdo Suméria, que anotaram seus

conhecimentos sobre cerca de 250 espécies vegetais em placas de argila (SALEHI et al., 2018).

Por volta de 2.500 a.C., o imperador chinés Shen Nung, considerado o fundador da
fitoterapia chinesa, escreveu o livro “Shen Nung Pen Tsao Ching”. Neste livro estdo listadas
365 plantas medicinais e seus usos. Em 1.500 a.C., 0s antigos egipcios escreveram o Papiro

Ebers, que contém informacfes sobre aproximadamente 850 plantas medicinais
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(PETROVSKA, 2012). Deste modo, as propriedades curativas das plantas foram sendo

observadas, registradas e transmitidas para as geragdes sucessivas ao longo do tempo.

No ambito da cultura ocidental, a civilizagcdo Grega contribuiu de maneira significativa
para o conhecimento das plantas medicinais. Hipdcrates (460-361 a.C.) catalogou centenas de
drogas vegetais. Teofrasto (372-287 a.C.), inicialmente e, Dioscorides (37-90 d.C.), mais tarde,
foram autores de um valioso conjunto de volumes sobre plantas usadas na cura de doencgas. O
trabalho desenvolvido pelo médico grego Pedanius Dioscorides, deu origem a famosa
enciclopédia e farmacopeia “De Materia Medica”, publicada no primeiro século ap6s Cristo, na
qual as caracteristicas e propriedades de 600 plantas sdo descritas (CORREA; BATISTA;
QUINTAS, 2011).

Durante o Renascimento (periodo entre meados do seculo XIV e final do século XVI),
o empirismo da medicina e da farméacia medievais, cedem lugar a experimentacdo. O estudo
das plantas entra no periodo cientifico ao adotar a classificacdo e a descricdo taxonémica das
espécies (CUNHA; RIBEIRO; ROQUE, 2009). No século XIX, quimicos e farmacéuticos
empenharam-se no isolamento de constituintes ativos a partir de produtos vegetais. Portanto,
iniciou-se uma nova fase na utilizacdo cientifica das plantas, com a substituicdo destas e dos
seus extratos, pelos compostos responsaveis pela sua acdo farmacolégica (DA CRUZ
MONTEIRO; BRANDELLLI, 2017).

Um dos primeiros exemplos desta abordagem foi o desenvolvimento do &cido
acetilsalicilico a partir da salicina obtida da casca do salgueiro, uma espécie vegetal pertencente
ao género Salix L. (SALICACEAE). Assim como, a utilizacdo dos glicosideos digitoxina e
digoxina, de plantas do género Digitalis L. (SCROPHULARIACEAE), no tratamento da
fibrilacdo atrial; da reserpina, proveniente da espécie Rauvolfia serpentina Benth. ex Kurz
(APOCYNACEAE), como anti-hipertensiva; da pilocarpina, oriunda de Pilocarpus jaborandi
Holmes (RUTACEAE), no tratamento do glaucoma; dos alcaldides vincristina e vimblastina,
oriundos da Catharanthus roseus (L.) G. Don (APOCYNACEAE), por sua atividade
antineoplasica, na leucemia infantil e na doenga de Hodkin’s; da efedrina, a partir da Ephedra
sinica Stapf. (EPHEDRACEAE), como anti-histaminico; e da quinina, extraida da casca de
espécies de Cinchona L. (RUBIACEAE), como antimalarica (DA CRUZ MONTEIRO;
BRANDELLLI, 2017).

A partir do inicio do século XX, estudos que correlacionam a estrutura quimica dos

compostos ativos obtidos de plantas com a sua respectiva acao fisiologica tém permitido a
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descoberta de novas moléculas naturais de elevada atividade farmacolégica. O
desenvolvimento da quimica analitica através dos métodos cromatogréaficos e espectrométricos,
além do advento de equipamentos cada vez mais sofisticados para essas analises (KATERYNA,
2017).

As plantas medicinais sdo importantes para a pesquisa farmacol6gica e no
desenvolvimento de drogas, ndo somente quando seus constituintes sdo usados diretamente
como agentes terapéuticos, mas também como matérias-primas para a sintese, ou modelos para
compostos farmacologicamente ativos. A OMS (Organizacdo Mundial de Saude) define planta
medicinal como sendo “todo e qualquer vegetal que possui, em um ou mais 6rgaos, substancias
que podem ser utilizadas com fins terapéuticos ou que sejam precursores de farmacos semi-
sintéticos” (VAN; WINK, 2018).

O Brasil ¢ o pais de maior biodiversidade do planeta. Entre os elementos que compdem
a biodiversidade, as plantas sdo a matéria-prima para a fabricacdo de fitoterapicos e outros
medicamentos. Além de seu uso como substrato para a fabricacdo de medicamentos, as plantas
sdo também utilizadas em préaticas populares e tradicionais como remedios caseiros e
comunitarios, processo conhecido como medicina tradicional. Além desse acervo genético, 0
Brasil é detentor de rica diversidade cultural e étnica que resultou em um acumulo consideravel
de conhecimentos tradicionais, passados de geracdo a geracao, entre os quais se destaca 0 vasto

acervo de conhecimentos sobre manejo e uso de plantas medicinais (BRASIL, 2016).

Na perspectiva de integralidade da atencdo e promocéo a saude, o Ministério da Saude
aprovou, no ano de 2005, o uso terapéutico de plantas pelo Conselho Nacional de Saude, da
Politica Nacional de Praticas Integrativas e Complementares (PNPIC) no Sistema Unico de
Salde (SUS), e em 2006 publicou a “Politica Nacional de Plantas Medicinais e Fitoterapicos”.
Tais medidas tiveram como principal objetivo a ampliacdo das opcdes terapéuticas aos usuarios
do SUS, garantindo o acesso as plantas medicinais, fitoterapicos e servicos relacionados a

fitoterapia, com seguranca, eficacia e qualidade (BRASIL, 2016).

Os fitoterdpicos constituem uma importante fonte de inovacdo em salde, sendo objeto
de interesses empresariais privados e fator de competitividade do Complexo Produtivo da
Salde. Esse contexto imp@e a necessidade de uma acdo transversal voltada ao fortalecimento
da base produtiva e de inovacdo local e a competitividade da industria nacional. O
desenvolvimento do setor de plantas medicinais e fitoterapicos pode se configurar como

importante estratégia para o enfrentamento das desigualdades regionais existentes no Brasil,
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podendo prover a necesséaria oportunidade de insercdo socioecondmica das populacdes de
territorios caracterizados pelo baixo dinamismo econdmico e indicadores sociais precarios
(BRASIL, 2016).

2.5 METABOLISMO VEGETAL

Os constituintes quimicos encontrados no Reino Vegetal sdo sintetizados e degradados
por inimeras reagdes anabdlicas e catabolicas. Os produtos resultantes do metabolismo vegetal
estdo divididos em dois grandes grupos: o dos metabodlitos primarios ou macromoléculas,
provenientes dos processos fotossintéticos e com fungdes vitais bem definidas; e o dos
metabdlitos secundarios ou micromoléculas, originados a custa de energia, através de rotas

biossintéticas diversas e, frequentemente desconhecidas (KOPRIVA, 2015).

Os metabolitos primarios sdo representados pelos agucares, aminoacidos, acidos graxos,
nucleotideos e seus polimeros derivados. Os metabolitos secundarios podem ser divididos em
trés grandes grupos: terpenos (formados por unidades isoprénicas de cinco carbonos, atraves da
via do acetato), compostos fendlicos (formados a partir de um anel aroméatico com um ou mais
substituintes hidroxilicos, através da via acido chiquimico), e alcaloides (formados
principalmente a partir de aminoacidos aromaticos) (WIERMANN, 2013; RAVEN; EVERT,;
EICHHORN, 2014).

No passado, para alguns autores, os metabolitos secundarios nada mais eram do que
subprodutos do metabolismo primario, considerados desperdicio fisiologico ou produtos de
desintoxicacdo celular. Entretanto, o fato do vegetal utilizar rotas biossintéticas elaboradas, com
elevados gastos energéticos, conduziu a hipotese de que as plantas consomem tamanha energia
com a finalidade de sintetizar compostos necessarios para a sua sobrevivéncia, preservacao e
reproducdo. O estudo do metabolismo secundario abrange a fisiologia e a bioquimica vegetal,

bem como aspectos ecoldgicos e evolutivos (ZHAO et al., 2013).
2.5.1 Metabolismo Secundério de Plantas

Diferente das vias que ddo origem aos produtos do metabolismo primaério, as quais
sintetizam, degradam e convertem compostos comumente encontrados em todos 0s seres Vivos,
existem vias metabolicas direcionadas para a producdo de constituintes que tém uma
distribuicdo mais limitada na natureza. Tais compostos, chamados de metabolitos secundarios,
sdo encontrados apenas em organismos especificos e sdo uma expressdo da individualidade das
espécies (KOPRIVA, 2015).
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As rotas metabdlicas que os originam os metabolitos secundarios, geralmente, sdo
ativadas durante alguns estagios particulares do crescimento e desenvolvimento, em periodos
de estresse causados por limitagdes nutricionais e pelo ataque de herbivoros ou microrganismos
patogénicos. Deste modo, os metabdlitos secundarios asseguram a sobrevivéncia da espécie
vegetal em seu ecossistema, desempenhando importantes papéis ecoldgicos, como atracdo de
polinizadores, adaptacdo ao estresse ambiental e defesa quimica. Além disso, a composicao
quimica e a concentracdo destes compostos podem variar a depender dos fatores ambientais e
ecoldgicos, das condicdes edafoclimaticas, da sazonalidade e até mesmo do ritmo circadiano
(RAVEN; EVERT; EICHHORN, 2014).

Os terpenos estdo presentes em grandes quantidades nos 6leos essenciais, resinas e
ceras, e sdao comercialmente importantes devido a sua ampla utilizagdo na industria como
flavorizantes, farmacos, perfumes e inseticidas. Os compostos fenolicos constituem um grupo
heterogéneo de componentes quimicos, como flavonoides, taninos e cumarinas. Os alcaloides
possuem nitrogénio, geralmente na forma amina, em sua estrutura. Neste grupo destacam-se 0s
glicosideos cianogénicos, considerados alcaloides de defesa anti-herbivoros (TAIZ; ZEIGER,
2013).

2.6 Oleos Essenciais

Manuscritos antigos descrevem a utilizacdo de 6leos essenciais (OEs) por diversas
civilizacdes, tais como, Grega, Persa e Egipcia. Os primeiros relatos datam mais de 2.000 a.C.,
e evidenciam a sua utilizacdo no embalsamamento de cadaveres, em rituais religiosos e como
fragrancias. Séculos depois comegaram a surgir as primeiras descri¢cdes sobre as propriedades
terapéuticas dos OEs (BRITO et al., 2013).

Os OEs sdo compostos volateis complexos constituidos por uma mistura de substancias
resultantes do metabolismo secundario de plantas medicinais e aromaticas (ALI et al., 2015).
Conforme a ISO (International Organization for Standardization) (1997), OEs séo definidos
como produtos obtidos de partes de plantas através da destilacdo por arraste de vapor d’agua
ou prensagem dos pericarpos de frutos citricos. Deste modo, a definicdo dos OEs néo se limita
somente a sua composicdo quimica, considerando também o processo utilizado para sua

obtencéo.

Segundo CASSEL et al. (2009), dependendo do método de extracdo utilizado, a

composicdo quimica do 6leo pode variar significativamente. Existem diferentes métodos de
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extracdo, tais como, destilagéo por arraste de vapor d’agua, prensagem, enfloracao (enfleurage)
e extragdo por didxido de carbono (CO2) supercritico. Para a escolha do melhor método, deve-
se levar em consideracéo a localizacdo do 6leo na planta e a finalidade do seu uso (BAKKALI
et al., 2008).

Existem trés variagdes no processo de destilacdo com vapor d’agua: destilagdo com agua
(hidrodestilacao), destilacdo com &gua e vapor, e destilacdo a vapor (ROSTAGNO; PRADO,
2013). Na hidrodestilagdo, a planta aromatica permanece em contato com a agua fervente,
podendo estar completamente imersa ou flutuando. Esta técnica é realizada frequentemente em
laboratorios utilizando-se o aparelho Clevenger. Na destilagdo com &gua e vapor, o material a
ser destilado é apoiado sobre uma placa perfurada ou inserido em uma rede e colocado logo
acima do fundo do destilador. E na destilacdo a vapor, a agua ndo € mantida na parte inferior
do destilador, e o vapor é introduzido através de serpentinas (BUSATO et al., 2014; EL
ASBAHANI et al., 2015).

A enfloragéo ou enfleurage é utilizada principalmente pelas inddstrias de perfumes para
a extracao dos OEs de pétalas de flores que apresentam baixo rendimento e alto valor comercial
(BAKKALI et al., 2008). A técnica consiste em colocar as pétalas sobre uma placa de vidro
com uma camada de gordura, a temperatura ambiente, durante periodo suficiente para absor¢édo
total do oleo pela gordura. As petalas vao sendo trocadas até que a gordura fique saturada e
seja, posteriormente, tratada com alcool. Para a retirada do alcool, é feita uma destilacdo a baixa
temperatura (EL ASBAHANI et al., 2015).

A extracdo por CO. supercritico é considerado um meétodo bastante eficiente
(BAKKALI et al., 2008). A técnica consiste em liquefazer o CO por compressdo, seguido de
um aquecimento a 31 °C, desta forma, o CO> atinge um estado intermediario com viscosidade
de um gés e capacidade de dissolucédo elevada, como de um liquido. Terminada a extracao, o
CO. volta a temperatura ambiente, sendo totalmente eliminado do 6leo obtido. Nenhum trago
de solvente é encontrado no éleo obtido por esse método, além disso, por ndo utilizar elevadas
temperaturas, ndo ha o risco de ocorrer a degradacdo nem a formacéo de novos compostos (EL
ASBAHANI et al., 2015).

Nas angiospermas dicotiledéneas encontram-se 0 maior numero de familias botanicas
com espécies produtoras de OEs, com destaque para Apiaceae, Lauraceae, Lamiaceae,
Myrtaceae, Oleaceae, Rosaceae e Rutaceae (BANDONI; CZEPACK, 2008; FIGUEIREDO et

al., 2008). Os OEs podem estar presentes em diferentes 6rgaos da espécie vegetal, como folhas,
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flores, frutos, ramos, caules e raizes. Apds sua biossintese, sdo armazenados em estruturas
especificas tais como, tricomas glandulares, células parenquimatosas diferenciadas e canais
oleiferos (BASER; BUCHBAUER, 2015).

A composi¢do quimica dos OEs é complexa, cerca de 20 a 60 componentes bioativos
sdo observados em sua maioria. Além disso, a caracterizacdo quimica comumente revela a
presenca de 2 ou 3 componentes majoritarios presentes em elevada concentracdo (20-70%).
Seus constituintes quimicos podem ser divididos em duas classes, conforme a origem
biossintética: aromatica e terpénica, sendo mais frequentes os compostos provenientes da classe
terpénica (PANDEY; SINGH; TRIPATHI, 2014).

Os compostos da classe aromética sao constituidos por uma cadeia lateral de trés &tomos
de carbono derivados de aminoacidos aromaticos, oriundos da via do &cido chiquimico. Nesta
via, a partir do acido chiquimico, € produzido o aminoacido fenilalanina que, por acdo da
enzima fenilalanina amonia-liase (PAL) forma o acido cindmico e o acido p-cumarico. A
reducdo da cadeia lateral destes acidos leva a formacéo de alilbenzenos e propenilbenzenos,
esqueletos carbdnicos dos fenilpropanoides (BASER; BUCHBAUER, 2015).

Os compostos da classe terpénica sdo sintetizados pela condensacdo de unidades
pentacarbonadas, o difosfato de isopentenila (IPP) e seu isdbmero difosfato de dimetilalila
(DMAPP). A formacao do IPP pode ocorrer por duas rotas biossintéticas: a via classica ou via
do mevalonato (MEV), responsavel pela formacéo dos sesquiterpenos e triterpenos, que ocorre
preferencialmente no citosol e cujos precursores sdo piruvato e acetilcoenzima A; e a via
alternativa ou via do metileritritol-fosfato (MEP), que origina os monoterpenos, diterpenos e
tetraterpenos, e ocorre preferencialmente nos plastideos e tem como precursores piruvato e
gliceraldeido-3-fosfato (MEWALAL et al., 2017).

Ap0s a sintese do IPP, este é convertido em seu isdbmero DMAPP, através da enzima
IPP isomerase. A juncdo de uma molécula de IPP a uma molécula de DMAPP forma o difosfato
de geranila (GPP), precursor dos monoterpenos (C1o). A medida que sfo adicionadas unidades
de IPP, formam-se o difosfato de farnesila (FPP), precursor dos sesquiterpenos (Cis), € 0
difosfato de geranil geranila (GGPP), precursor dos diterpenos (C2o). Os triterpenos (Cso) sdo
formados pela juncdo de duas unidades FPP e os tetraterpenos (Cao) pela juncdo de duas
unidades GGPP (MEWALAL et al., 2017).
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Monoterpenos e sesquiterpenos séo os derivados terpénicos mais comuns nos OEs. Os
monoterpenos sdo altamente volateis, e podem ser hidrocarbonetos (limoneno, a-pineno, p-
cimeno) ou compostos oxigenados, com funcgdes alcool (linalol, mentol, geraniol), aldeido
(citral, citronelal), cetona (pinocarvona, fenchona, mentona), éter (mentofurano, eucaliptol) ou
éster (acetato de linalila, acetato de isobornila). Além disso, 0s monoterpenos sdo 0s principais
componentes de OEs bioativos. Os sesquiterpenos, por serem cadeias carbonicas maiores, sdo
menos volateis que 0os monoterpenos. E assim como estes, podem ser hidrocarbonetos (-
cariofileno, farneseno) ou oxigenados, com funcdes alcool (B-santalol, bisabolol, viridiflorol),
cetona (B-vetivenona, germacrona) ou epéxido (6xido de cariofileno) (BAKKALI et al., 2008).

A composi¢do quimica dos OEs pode variar em funcgéo de fatores ambientais como a
umidade do ar, disponibilidade hidrica, condic¢des de solo, intensidade luminosa, temperatura e
herbivoria. Fatores endogenos como idade da espécie vegetal e estadio fenologico, bem como
a existéncia de quimiotipos também podem acarretar mudangas na composicao e no rendimento
dos OEs (BASER; BUCHBAUER, 2015).

Os OEs exercem funcbes importantes e especificas dentro das plantas, sendo
considerados compostos vitais para a manutencdo da espécie. Atuam na defesa das plantas
contra 0s seus inimigos naturais, como 0s herbivoros, e contra microrganismos patogénicos,
como fungos e bactérias (BAKKALI et al., 2008). Podem atuar também na protecéo de folhas
e meristemas contra perda de 4gua e aumento da temperatura, auxiliando na termotolerancia da
planta ao estresse abiotico (GLINWOOD; NINKOVIC; PETTERSSON, 2011). Podem também
estar envolvidos nos processos de atracdo e orientacdo de polinizadores, e de dispersdo de

sementes. Além disso, apresentam ainda efeitos alelopaticos (ARORA et al., 2017).

Além da importancia ecologica nas relagdes da planta com o ambiente, com 0s animais
e com outras plantas, os OEs constituem um grupo de substancias cada vez mais estudado por
sua importancia econémica. Diversas propriedades farmacologicas sdo atribuidas a estes
compostos, tais como, antimicrobiana (PRAKASH et al., 2018), antioxidante (STANOJEVIC
et al., 2018), anti-inflamatdria (SIENIAWSKA et al., 2019), antitumoral (HAIYAN et al.,
2016), anestésica (CAN et al., 2018), repelente/inseticida (ARENA et al., 2017), acaricida
(FERREIRA et al., 2018) e larvicida (PAVELA; GOVINDARAJAN, 2017).

A complexidade quimica dos OEs dificulta a analise dos seus componentes bioativos.

Em muitos casos registrados na literatura, o constituinte majoritario € responsavel pela
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atividade bioldgica. No entanto, esta pode ser atribuida & acéo sinérgica ou antagdnica de varios
dos seus componentes (BAKKALI et al., 2008).

2.6.1 Propriedades Antimicrobianas dos Oleos Essenciais

A atividade antimicrobiana de OEs e seus componentes quimicos tém sido relatada ha
muito tempo. As propriedades antimicrobianas dos OEs dependem principalmente da sua
constituicdo quimica. A presenca de diferentes tipos de terpenos, fendis, aldeidos e outros
compostos antimicrobianos justifica a acdo diversificada dos dleos essenciais contra agentes
patogénicos bacterianos, fungicos e virais (AKHTAR; DEGAGA; AZAM, 2014).

O efeito da atividade antibacteriana de 6leos essenciais pode inibir o crescimento de
bactérias (bacteriostatico) ou destruir células bacterianas (bactericida). A eficacia dos 0Oleos
essenciais difere de um tipo para outro, bem como contra diferentes bactérias alvo, dependendo
da sua estrutura (bactérias Gram-positivas e Gram-negativas). Por exemplo, os 6leos de sandalo
(Santalum album) e vetiver (Vetiveria zizanioides) exibem maior atividade inibitdria contra
bactérias Gram-positivas; no entanto, eles ndo conseguem inibir cepas bacterianas Gram-
negativas (HAMMER; CARSON, 2011; RAUT; KARUPPAYIL,2014).

Em geral, 0 mecanismo de acdo antibacteriana € mediado por uma série de reacdes
bioquimicas na célula bacteriana, que sdo dependentes do tipo de constituintes quimicos
presentes no OE (NAZZARO et al.,, 2013). A principal atuacdo dos OEs consiste em
desestabilizar a arquitetura celular bacteriana, levando a degradacdo da integridade da
membrana e ao aumento da permeabilidade, o que interrompe muitas atividades celulares,
incluindo a producéo de energia, o transporte e outras funcdes metabdlicas reguladoras. Devido
a sua natureza lipofilica, os OEs sdo facilmente penetraveis através das membranas celulares
bacterianas. O aumento da permeabilidade da membrana celular bacteriana, leva ao vazamento
de componentes celulares e perda de ions (SAAD; MULLER; LOBSTEIN, 2013; RAUT;
KARUPPAYIL, 2014).

O efeito antibacteriano dos OEs também estd ligado a potenciais de membrana
reduzidos, a interrupcdo das bombas de protons e a deplecdo do ATP. Essa alteracdo na
organizacdo celular pode causar um efeito em cascata, resultando em outras organelas celulares
afetadas, como por exemplo as mitocéndrias. Os 6leos essenciais passam pela parede celular e
membrana citoplasmatica, o que pode perturbar o arranjo de acidos graxos, fosfolipidos e
polissacarideos (SAAD; MULLER; LOBSTEIN, 2013). Esses eventos podem ser responsaveis
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pela coagulagdo de componentes celulares internos no citoplasma e quebra das ligacGes entre
as camadas de lipidios e proteinas. Além disso, alguns OEs podem inibir a rede de Quorum
Sensing de comunicacgdo célula-célula mediada por varias moléculas sinalizadoras bacterianas
(SZABO et al., 2010).

As acgbes antifungicas dos 0leos essenciais sdo semelhantes as dos mecanismos
antibacterianos. Geralmente, a exposicdo de O&leos essenciais leva a coagulacdo dos
componentes celulares devido ao dano irreversivel da membrana celular. Nas células de
levedura, os 6leos essenciais estabelecem um potencial de membrana através da membrana
celular e perturbam a producéo de ATP, o que leva ao dano da membrana celular (ALEKSIC;
KNEZEVIC, 2014). A permeabilizagdo da membrana citoplasmatica, causa alteracdes no fluxo
de eletrons da cadeia transportadora de eletrons (CTE), levando a desintegracdo das membranas
mitocondriais. Os 0Oleos essenciais também podem perturbar a despolarizacdo das membranas
mitocondriais afetando os canais de ions, especialmente os ions Ca2 +, as bombas de protdes e
0s pools de ATP e, portanto, diminuem o potencial da membrana. Essa alteragdo na fluidez das
membranas pode causar vazamento eletrolitico e dificultar as vias do citocromo C, o
metabolismo das proteinas e as concentracGes de ions calcio. Portanto, a permeabilizacdo das
membranas mitocondriais internas e externas pode resultar na apoptose celular ou necrose

levando a morte celular.

A avaliacdo dos Oleos essenciais no combate a microrganismos patogénicos
multirresistentes demonstra o0 seu elevado potencial para o desenvolvimento de novos
antimicrobianos (SWAMY; AKHTAR; SINNIAH, 2016).

2.7 FAMILIA MYRTACEAE

A familia Myrtaceae, pertencente a ordem Myrtales, compreende cerca de 132 géneros
com aproximadamente 5.950 espécies. Dividida em duas subfamilias, Myrtoideae e
Psiloxyloideae, a familia ocorre principalmente no Hemisfério Sul, com destaque para a
Australia (cerca de 85 géneros) e a América neotropical, especialmente no Brasil, onde séo

encontrados 23 géneros e mais de 1.000 espécies (BIDA et al., 2018).

As espécies desta familia sdo arbdreas ou arbustivas, geralmente perenifdlias e
aromaticas, muitas ricas em o6leos essenciais utilizados pelas industrias alimenticia,

farmacéutica e de perfumaria. Caracterizam-se por apresentar glandulas oleiferas translucidas
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presentes nas folhas, flores e frutos, o que justifica a producdo relativamente alta de 6leos
essenciais pelos seus representantes (WATSON; DALLWITZ, 2017).

A familia inclui uma grande variedade de plantas cultivadas para fins econémicos e
ornamentais, tais como, os eucaliptos (género Eucalyptus), o cravo-da-india (Syzygium
aromaticum), o calistemo (Callistemon viminalis), a pitangueira (Eugenia unifora), a goiabeira
(Psidium guajava) e a jabuticabeira (Plinia cauliflora) (LIU et al., 2018). Espécies como 0
aracazeiro (Psidium cattleyanum), a guabirobeira (Campomanesia xanthocarpa) e a uvaieira
(Eugenia pyriformis) sdo também usadas na medicina popular e cultivadas em hortas
domeésticas (PEREIRA et al., 2012). No Brasil, diversas espécies de Myrtaceae sdo empregadas
nos casos de distlrbios gastrointestinais, estados hemorragicos e nas doencas infecciosas. As
partes mais usadas das plantas sdo folhas, cascas e frutos (CRUZ; KAPLAN, 2012).

Myrtaceae sdo frequentemente usadas na medicina popular; portanto, muitas especies
foram testadas para atividades biologicas. Diversas espécies exibiram propriedades
antimicrobianas e parece que a bioatividade esta associada a presenca de compostos fenolicos
ou a um alto nivel de terpenos oxigenados. Oleos essenciais e extratos de varias espécies s&o
capazes de inibir o crescimento de microrganismos relacionados as doencas de pele, carie
dentaria e deterioracdo de alimentos. Os compostos fendlicos (&cidos fendlicos, polifendis e
flavonoides) nas ervas e especiarias, juntamente com os 6leos essenciais, atraem cada vez mais
atencdo devido as atividades antioxidantes e a0 uso como agentes aromatizantes. Os 06leos
essenciais de algumas espécies também demonstraram atividades citotdxicas, antioxidantes,
antilarvas, antinociceptivas, anti-inflamatorias e analgésicas. Os resultados desses estudos
evidenciam o grande potencial da familia Myrtaceae na descoberta de novos farmacos
(STEFANELLO; PASCOAL; SALVADOR, 2011).

2.8 GENERO Eugenia

O género Eugenia ¢é considerado um dos maiores da familia Myrtaceae, compreende
aproximadamente 1.100 espécies, das quais cerca de 400 distribuem-se no Brasil. As espécies
do género estdo distribuidas principalmente em regides tropicais e subtropicais da América, em
regibes tropicais da Asia e algumas espécies também ocorrem na Austréalia e na Africa. O
género encontra-se bem representado no Brasil, considerando ndo apenas a abundancia e
frequéncia de suas espécies, mas também a riqueza especifica das espécies que ocorrem no pais
(CANTANHEDE-FILHO et al., 2017).
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Muitas das espécies do género séo cultivadas como plantas ornamentais, e além disso,
algumas espécies produzem frutos comestiveis (SARDI et al., 2017). A cerejeira (Eugenia
involucrata DC.) e a pitangueira (Eugenia uniflora L.) sdo exemplos de espécies apreciadas

gastronomicamente por produzirem frutos que sdo consumidos in natura ou processados.

Estudos fitoquimicos em espécies do género frequentemente relatam a presenca de
metabolitos secundarios como flavonoides, triterpenoides, taninos e &cidos fenolicos (GUPTA
et al., 2014; HAMINIUK et al., 2014; TEIXEIRA et al., 2015). Muitos destes compostos
possuem propriedades bioldgicas de interesse farmacoldgico, como por exemplo, 0s
flavonoides, que apresentam atividades antioxidante, anti-inflamatéria e antitumoral (VEZZA
et al., 2016).

O género Eugenia, assim como outros da familia Myrtaceae, € conhecido pela producéo
de Gleos essenciais com propriedades aromaticas e medicinais. Entretanto, os 6leos do género
destacam-se por apresentar uma grande diversidade quimica, com aproximadamente 300
compostos identificados nas espécies analisadas. Sesquiterpenos ciclicos e monoterpenos séo
0s compostos mais abundantes encontrados nestes 0leos, com algumas especies produzindo

compostos aromaticos alifaticos em grande quantidade (BIDA et al., 2018).

2.8.1 Eugenia gracillima Kiaersk.

Descrita por Hjalmar Kiaerskou em 1893, Eugenia gracillima Kiaersk. (Myrtaceae)
(Figura 1) é uma especie nativa e endémica do Brasil. De acordo com a Flora do Brasil (2017),
a espécie distribui-se geograficamente no Pais nas regides Nordeste (Bahia, Ceara e
Pernambuco), Centro-Oeste (Goias, Mato Grosso do Sul, Mato Grosso), Sudeste (Séo Paulo) e
Sul (Parana, Rio Grande do Sul, Santa Catarina). Possui como sinénimos Eugenia
multipunctata Mattos & D. Legrand, Eugenia neomultipunctata Sobral, Eugenia leptomischa

Kiaersk., e Eugenia klappenbachiana Mattos & D. Legrand.
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Figura 1. Eugenia gracillima Kiaersk.: (A) Arbusto, (B) flores e (C) frutos.

Fonte: O autor, 2017.

A planta é um arbusto variando em altura de 1,5 a 5,0 metros. Conhecida popularmente
como murta na regido nordeste do Brasil ou como cambui em outras regides. Seus frutos séo
consumidos frescos ou processados em forma de polpa, suco, géleia, licor ou sobremesas. No
nordeste brasileiro, os frutos da espécie sdo socioeconomicamente importantes (ARAUJO et
al., 2016).

Um estudo avaliou a composi¢cdo quimica e as atividades antioxidante e antiprotozoaria
do o6leo essencial de E. gracillima (EgEO). Sesquiterpenos hidrocarbonetos (91,22%),
sesquiterpenos oxigenados (7,45%) e monoterpenos (1,01%) foram as principais classes de
compostos quimicos identificadas. Os constituintes volateis mais abundantes do EQEO foram
germacreno D (16,10%), c-muuroleno (15,60%), biciclogermacreno (8,53%), germacreno B
(7,43%) e D-elemeno (6,06%). O 6leo mostrou atividade antioxidante fraca a moderada. O
EgEO foi altamente seletivo para as promastigotas de Leishmania braziliensis e Leishmania
infantum com indices seletivos de 73,66 e 71,41, respectivamente. O EgEO ndo inibiu o
Trypanosoma cruzi (SAMPAIOQ et al., 2019).

2.9 Tenebrio molitor

Tenebrio molitor (Linnaeus, 1758) (Figura 2), também conhecido como larva de farinha,
pertence a ordem Coleoptera e a familia Tenebrionidae. Este inseto exibe holometabolismo

(metamorfose completa), no qual seu ciclo de vida compreende quatro fases distintas que séo:



Gongcalves, J. P. Caracterizacdo quimica e avaliagdo da toxicidade e do potencial... 39

ovo, larva, pupa e imago. A fase larval apresenta uma série de estagios ou instares, que é

alcancada apds o processo de ecdise (PARK et al., 2014).

Figura 2. Fases do ciclo de vida de Tenebrio molitor L.: (A) larva, (B) pupa e (C) adulto.

A

C

Fonte: O autor, 2018.

Em geral, o ciclo de vida de T. molitor possui aproximadamente quatro a cinco meses
de duracdo, podendo ainda se estender até doze meses dependendo das condic¢des climaticas,
em especial a temperatura do ambiente (BJORGE et al., 2018). Estudos demonstraram que o
numero de instares de T. molitor varia em resposta a diferentes fatores, como temperatura,
umidade, concentragdo de oxigénio, qualidade de nutrientes e densidade populacional
(HALLORAN et al., 2016).

A alimentacdo das larvas é baseada em cereais ou graos moidos. Assim, esse inseto é
considerado uma praga de grdos e farelos armazenados (PHILIPS; THRONE, 2010). A
presenca de T. molitor pode contaminar os alimentos armazenados com fragmentos do corpo,
fezes e indiretamente por microrganismos saprofitos, causando perda da qualidade desses
alimentos (PLATA-RUEDA et al., 2017). As larvas também sdo usadas como alimento para
varios animais domésticos ou zooldgicos, incluindo peixes, lagartos e passaros. Em muitos
paises, também sdo utilizadas para consumo humano. As larvas fornecem altos valores de
proteinas e aminoacidos, que as tornam uma excelente fonte alternativa de alimentos. Além
disso, apresentam uma taxa de crescimento relativamente alta e requerem pouca mao de obra e
materiais leves para criacdo, o que reduz o tempo e o0s custos de trabalho (KIM et al., 2016;
HICKS, 2017).

Os mecanismos do sistema humoral de T. molitor tem sido alvo de pesquisas,

especialmente na sintese de peptideos antimicrobianos, por possuirem caracteristicas
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semelhantes aos dos vertebrados. Este organismo exibe respostas imunes complexas com
evidéncias de memoria, demonstrando seu potencial como um modelo alternativo de infecgéo
(MAISTROU et al., 2018).

Quando comparado a outros modelos alternativos de hospedeiros usados no estudo de
patdégenos humanos, o T. molitor possui algumas vantagens importantes. A larva pode ser
incubada a 37 °C, o que, para muitos patdgenos, € uma sugestdo ambiental critica para a
expressdo de fatores de viruléncia. Outros modelos, no entanto, ndo suportam temperaturas téo
altas. Drosophila melanogaster sobrevive a uma temperatura de 18 a 30 °C, e a melhor
temperatura para realizar testes com o verme Caenorhabditis elegans é de 15 a 25 °C. Uma
segunda caracteristica importante € o tamanho da larva. Como as larvas de T. molitor séo
relativamente grandes, isso permite a extracdo de um volume consideravel de hemolinfa (5-10
ML) para analise. Isso representa uma vantagem sobre outros organismos modelo, como D.
melanogaster, j& que seu tamanho permite a extracdo de pequenos volumes de hemolinfa (0,05-
0,3 pL). Outra vantagem € que o indculo é administrado por injecéo, permitindo a introducao
direta na hemolinfa do animal. Além disso, as larvas mortas sdo facilmente identificadas porque
ficam marrons através da melanizacdo (CANTERI DE SOUZA et al., 2018).
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Abstract

Essential oils (EOs) from plants used in the traditional medicine are known as a rich source of
chemically diverse compounds with relevant biological properties. The aim of this study was
to evaluate hemolytic and cytotoxic activities, and to determine the Tenebrio molitor toxicity
of the Eugenia gracillima Kiaersk. essential oil (EgEO). EQEO was obtained from fresh leaves
by the hydrodistillation method and chemical composition analyzed by GC/MS. Hemolytic
activity was evaluated by spectrophotometric quantification of hemoglobin released by
erythrocytes. Cytotoxic activity was determined by the MTT method. Contact toxicity was
performed by the topical application of the essential oil to the larvae, pupae and adults of T.
molitor. Lethal doses (LDso and LDgo) were determined. The effects of EQEO on the
development of T. molitor were evaluated after the injection of oil into the larvae (Sublethal
doses: 4.6 and 2.3 mg/mL). A total of 39 components comprising 97.02% of EQEO was
identified. All compounds identified belong to the sesquiterpene class. The essential oil under
study showed low toxicity to human erythrocytes (Hemolysis: 0.29 - 10.47%). EQEO showed
strong cytotoxicity for HL-60, MCF-7 and HT-29 cell lines, with ICso values of 10.8, 14.0 and
35.0 pg/mL, respectively. The values of LDso and LDgo indicated that pupae (LDso = 4.55, LDgo
= 13.60 mg/mL) were more susceptible to contact with EQEO followed by adults (LDso = 5.24,
LDgo = 13.40 mg/mL) and larvae (LDso = 5.98, LDgo = 17.10 mg/mL). Sublethal doses of
essential oil had no effect on the development of T. molitor and not induced deformities. This
study reports, for the first time, the phytochemical characterization of the EgEO, as well as its
in vitro and in vivo toxicity.

Keywords: Myrtaceae. Essential oils. Sesquiterpenes. Cytotoxicity. Mealworm.
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Introduction

Plants have been used in the treatment of diseases since antiquity. Chemical compounds
synthesized by plants such as alkaloids, glycosides, polyphenols and terpenoids have important
biological properties (Salehi et al., 2018). Antimicrobial, antioxidant, anti-inflammatory and
anti-tumor activities are some of the properties attributed to these phytochemicals (Sharopov
et al., 2015; Ortega, Campos, 2019). However, the use of plants as therapeutic agents can
cause adverse effects and even death (Ekor, 2014). Since the occurrence of adverse effects of
phytomedication is common, due to inappropriate prescription, interaction with other bioactive
compounds or overdose, besides the possibility of adulteration or contamination (Zhang et al.,
2012). Many plants popularly used as therapeutic agents remain unassessed by scientific
research to determine the pharmacological and toxicological aspects of its administration
(Ahn, 2017).

Tenebrio molitor, also known as yellow mealworm, has been used as a model organism
in diverse scientific researches. These animals have been increasingly chosen for research due
to the absence of ethical restriction, ease of maintenance and short lifecycle. In addition, they
have a complex innate immune system similar to vertebrates, consisting of humoral and cellular

responses (Canteri de Souza et al., 2018).

Essential oils have been used in folk medicine throughout history. Studies confirm the
biological properties of essential oils and propose different applications for them (Teixeira et
al., 2013; Baser, Buchbauer, 2015). Thus, the toxicological characterization of essential oils is

necessary to provide scientific data on the therapeutic safety of these products.

Eugenia gracillima Kiaersk., is a species of Myrtaceae, native and endemic to Brazil. It
is present in different phytogeographical domains and the occurrence is confirmed in all regions
of the country, except in the North (Sobral et al., 2015). Popularly known as “murta” in the
Northeast of Brazil and as “cambui” in the state of Parana, this species produces fruits that can
be consumed fresh or processed. In addition, the fruits present economic value for the region

of the Chapada do Araripe, state of Pernambuco, Brazil (Aradjo et al., 2016).

Toxicity tests are used to assess the toxic effects of substances in biological systems.
The toxicity of the substances can be observed by in vitro studies using cells/cell lines and also

by in vivo exposure in experimental animals. These in vitro and in vivo assays are considered
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part of the preclinical developmental field and are generally performed to determine safe doses

of exposure in humans (Parasuraman, 2011; Atanasov et al., 2015).

The aim of this study was to determine the chemical composition of essential oil
obtained from the leaves of E. gracillima and to evaluate the cytotoxic and hemolytic activities
by in vitro assays, as well as to investigate the toxicity in vivo in different stages of development
of T. molitor.

Materials and Methods
Plant Material

Eugenia gracillima Kiaersk., was collected in the Chapada do Araripe, Pernambuco,
Brazil (Latitude- 7° 49 41” S; Longitude- 39° 51° 18” W), in July 2015. All the material used
was processed following the usual techniques in taxonomy, being deposited in the IPA
Herbarium (voucher access number: IPA 91.440), from the Agronomic Institute of

Pernambuco.

Essential Oil Extraction

Essential oil extraction was performed at the Laboratory of Natural Products, Federal
University of Pernambuco, Brazil. Fresh leaves of E. gracillima (370 g) were submitted to the
hydrodistillation method, using a modified Clevenger apparatus, for a 4 h period (Guimaraes et
al., 2008). The essential oil of E. gracillima (EQEO) was then separated from the hydrolate by
centrifugation at 3000 rpm for 5 min, using a benchtop centrifuge. EQEO was collected, packed

in amber glass bottle and stored under refrigeration (4 °C). The EgEO yield was 1.32%.

Chemical Analysis of the Essential Qil

Gas chromatography

Quantitative GC analyses were carried out using a Shimadzu GC-QP2010
Ultra apparatus equipped with a flame ionization detector (FID) and a non-polar column Rxi®-
5ms (Crossbond® 5% diphenyl / 95% dimethylpolysiloxane) (10m x 0,10 mm ID X
10um df). The oven temperature was programmed from 40 to 250°C at a rate 25°C/min for
integration purposes. Injector and detector temperatures were 260°C. Hydrogen was used as the
carrier gas at a flow rate of 1 L/minand 30 p.s.i. inlet pressure in split mode (1:30). The injection

volume was 0.5 pL of diluted solution (1/100) of oil in n-hexane. The amount of each compound
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was calculated from GC peak areas in the order of DB-5 column elution and expressed as a
relative percentage of the total area of the chromatograms. Analyses were carried out
in triplicate.

Gas chromatography-mass spectrometry

The qualitative GC/MS analysis were carried out using a analyses were performed using
a Shimadzu GCMS-QP2010 Ultra system with a mass selective detector, mass spectrometer in
El 70 eV with a scan interval of 0.5 s and fragments from 40 to 550 Da. fitted with the same
column and temperature program as that for the GC experiments, with the following
parameters: carrier gas = helium; flow rate = 1 mL/min; split mode (1:30); injected volume =1

pL of diluted solution (1/100) of oil in n-hexane.
Identification of componentes

Identification of the components was based on GC retention indices with reference to a
homologous series of C8-C40 n-alkanes calculated using the Van Den Dool and Kratz equation
(Van Den Dool and Kratz, 1963) and by computer matching against the mass spectral library
of the GC/MS data system (NIST 98 and WILEY) and co-injection with authentic standards as
well as other published mass spectra (Adams, 2007). Area percentages were obtained
electronically from the GC-FID response without the use of an internal standard or correction

factors.

In vitro Analysis

Hemolytic assay

The evaluation of hemolytic activity of EQEO on human red blood cells was performed
as described by Ahmad et al. (2010), with modifications. The blood (O") used in experiment

was collected in Vacutainer® tubes containing sodium heparin.

The fresh blood (10 mL) was centrifuged (206 BL FANEM Baby®I centrifuge) for 10
minutes at 1200 rpm. After plasma removal, the pellet containing the erythrocytes was washed
three times with PBS (pH 7.4, 5mM) and then resuspended in PBS to obtain an 8% (v/v)
suspension. Then 100 uL of this suspension was added to different microcentrifuge tubes with
100 pL of twofold serial dilutions of essential oil (0.11-1.76 mg/mL). Final concentration of
erythrocyte suspension was 4% (v/v). The resulting suspensions were incubated with agitation

for 60 minutes at 37 °C. After incubation, the samples were centrifuged for 5 minutes at 1500
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rpm. The supernatants (200 pL) were transferred to 96-well plates and the concentration of
hemoglobin was determined spectrophotometrically (Shimadzu UV-160 1 PC) at 540 nm. The
negative and positive controls were the erythrocytes in PBS and the erythrocytes in Triton X-
100 at 1%, respectively. Measurements were performed in triplicate for each oil concentration
and for the following controls: (c1) erythrocytes in PBS (negative control) and (c2) erythrocytes
in Triton X-100 at 1% (positive control). Percentage hemolysis was determined according to

the equation below:
% Hemolysis = [(Aa — Acl)/(Ac2 — Acl)] x 100

where Aa, Acl and Ac2 are, respectively, the absorbance of the sample and controls c1 and c2
at 540 nm.

Antitumor assay

The evaluation of cytotoxic activity was performed by MTT colorimetric method [3-(4,
5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide] (Mosmann, 1983; Alley et al.,
1988). The following cells were used for the cytotoxicity assay: NCI-H292 (human lung
mucoepidermoid carcinoma), MCF-7 (human breast adenocarcinoma), HL-60 (acute
promyelocytic leukemia) and HT-29 (human colon adenocarcinoma). All cell lines were
obtained from the Cell Culture Laboratory of the Department of Antibiotics of UFPE, Brazil.
The NCI-H292 and HT-29 cells were maintained in Dulbecco’s Modified Eagle Medium
(DMEM) (SIGMA). The MCF-7 and HL-60 tumor cells were kept in the RPMI 1640 culture
medium created by the Roswell Park Memorial Institute. The media were supplemented with
10% fetal bovine serum (GIBCO) and a 1% antibiotic solution (penicillin and streptomycin).

The cells were kept at 37 °C in a humid atmosphere enriched with 5% CO..

The NCI-H292, MCF-7, HT-29 (10° cells/mL) and HL-60 (3 x 10° cells/mL) cells were
plated (190 pL) in 96-well plates and incubated for 24 h. Next, 10 pL of the essential oil
dissolved in DMSO (0.5%) were added to the wells at final concentration of 50 pug/mL. The
drug doxorubicin at a concentration of 1.25 pug/mL was used as the positive control and DMSO
(0.5%) was used as the negative control. After 72 h of incubation, 25 pL of MTT (5 mg/mL)
were added and the plates were incubated again for 3 h, after which the culture medium with
the MTT was aspirated and 100 pL of DMSO were added to each well. Absorbance was read
in a microplate reader at a wavelength of 560 nm. The experiments were conducted in

quadruplicate.
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An intensity scale was used to evaluate the cytotoxic potential of the samples based on
the percentage of growth inhibition: 95-100% = high potential; 70-90% = moderate potential;
< 50% = no potential (Rodrigues et al, 2014). The concentration that inhibits growth by 50% in
comparison to the negative control (ICso) was determined considering moderate inhibitory
activity (70%) or higher.

In vivo Analysis

Tenebrio molitor

T. molitor larvae were purchased from a commercial supplier (Insetos Brasil — Recife,
Pernambuco, Brazil) and kept in plastic trays (60 cm longx40cm widex12cm) at 26°C + 1 ina
12:12 h light/dark cycle. These individuals were fed ad libitum with wheat bran (12% protein,
2% lipids, 75% carbohydrates and 11% mineral/sugar), pieces of sugarcane and chayote.
Healthy larvae (last instar larval), pupae, and adults of T. molitor of 48 h old were chosen for

the bioassays.
Contact toxicity

The assay was performed according to Plata-Rueda et al. (2017), with modifications. A
serial dilution of the EQEO (concentrations of 18.4, 9.2, 4.6, 2.3 and 1.1 mg/mL) was prepared
in sterile saline solution with DMSO (0.5%) and tween 20 (1%). Aliquots of 0.5 pL of the
dilutions were applied topically to the abdominal segments of larva, pupa and adult of T.
molitor, using a micropipette. Sterile saline solution with DMSO (0.5%) and tween (1%) was
used as negative control. The individuals were placed in Petri dishes (@ 90 mmx15 mm) (10
individuals/Petri dish) with an absorbent paper, fed with wheat bran and chayote ad libitum
(larvae and adults) and maintained in the dark. A total of 30 larvae, 30 pupae, and 30 adults
were used for each treatment and the number of dead individuals was counted after 48 h. The
experiment was performed in triplicate. Lethal doses required to kill 50% and 90% of the
individuals (LDso and LDqo, respectively) were determined for each stage of development of T.

molitor.
Effect of the EQEO on the development of T. molitor

T. molitor larvae were iced for 2 min to stop their movement and 1 pL of the EGEO
(concentrations of 4.6 and 2.3 mg/mL) was injected between the 4th and 5th abdominal

sternites, using a 1 mL syringe. Sterile saline solution with DMSO (0.5%) and tween (1%) was
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used as negative control. After application, larvae were placed in Petri dishes (@ 90 mmx15
mm) (10 individuals/Petri dish) with an absorbent paper, fed with wheat bran and chayote ad
libitum and maintained in the dark. For each treatment, 30 larvae were used. The number of
larvae that successfully pupated, as well as the duration of the pupal stage (in days) were
recorded every 24 h for 30 days. The newly emerged adults of T. molitor were evaluated for
possible morphological abnormalities (deformations in elytra, wings, antennae, legs and
abdominal segments) (Steinhaus, Zeikus, 1968). The experiment was performed in triplicate.

Statistical Analysis

Data were expressed as mean + standard deviation. Statistical analysis and graphical
representation of the data were performed using GraphPad Prism 7.0 (GraphPad Software).
Data were analyzed using ANOVA. The ICsy, LDsg and LDgo values and respective 95%
confidence intervals (CI) were determined by nonlinear regression. P values < 0.05 were

considered statistically significant.
Results

A total of 39 components comprising 97.02% of the EQEO was identified (Table 1). All
compounds identified belong to the sesquiterpene class. Allo-aromadendrene (16.37%),
valencene (14.59%), a-chamigrene (7.05%), y-himachalene (6.11%), J-elemene (5.89%) and

viridiflorene (5.60%) were identified as the major constituents of the EQEO.

The assay to determine the in vitro hemolytic activity of EgEO showed that at
concentracions of 0.11, 0.22, 0.44, 0.88 and 1.76 mg/mL, the hemolysis percentage was 0.29,
0.87, 2.25, 4.78 and 10.47%, respectively (Figure 1).

Table 2 displays the inhibitory capacity of the EQEO and doxorubicin (positive control)
regarding the growth of the tumor cells. The EQEO demonstrated high inhibitory capacity (cell
growth inhibition ranging from 95 to 100%) toward the HL-60 cell line, moderate inhibitory
capacity (cell growth inhibition ranging from 70 to 90%) toward the MCF-7 and HT-29 cell
lines, but exhibited no cytotoxic potential with regard to NCI-H292.

EgQEO that exhibited moderate to high inhibitory activity were tested at different
concentrations (0.098 to 50 ug/ mL) for the determination of 1Cso values. Doxorubicin (0.009

to 1.25 pg/mL) was used as the standard.
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Table 3 displays the ICso values of the EGEO. The EgQEO exhibited cytotoxic potential
against the neoplastic cell lines tested (ICso < 50 pg/mL). ICso values obtain to HL-60, MCF-7
and HT-29 cell lines were 10.8, 14.0 and 35.0 pg/mL, respectively. Therefore, EQEO was more
effective at exerting cytotoxic effects on the HL-60 cell line (ICso = 10.8 pg/mL).

The toxicity of EQEO was evalute also in vivo, using T. molitor as organism model. The
contact toxicity of EQEO was performed for different stage of development of the insect. Table
4 displays the LDsg and LDgo values of EGEO. The LDso and LDgo values indicated that the
pupae (LDso = 4.55; LDgo = 13.60 mg/mL) were more susceptible to contact with EQEO
followed by adults (LDso = 5.24; LDgo = 13.40 mg/mL) and larvae (LDso = 5.98; LDgo = 17.10
mg/mL).

Table 5 displays the effect of the EQEO on the development of T. molitor. EQEO did not
cause changes in the number of larvae that reached pulpation. In addition, the essential oil did
not affect the viability and emergence of the pupae.

The newly emerged adults of T. molitor did not present morphological abnormalities,

such as deformations in elytra, wings, antennae, legs and abdominal segments.
Discussion

Sesquiterpenes are commonly found in essential oils obtained from Eugenia genus.
Some sesquiterpenes, such as allo-aromadendrene and B-elemene, identified in EQEO are
characteristic of the genus (Tenfen et al., 2015). In previous studies with essential oils of others
Eugenia species, like E. luschnathiana (Monteiro et al., 2016), E. brejoensis (Oliveira de Souza
et al., 2017), E. egensis and E. flavescens (Da Silva et al., 2017), only sesquiterpenes were

identified in the chemical analysis.

Sampaio et al. (2019) identified sesquiterpene hydrocarbons (91.22%), oxygenated
sesquiterpenes (7.45%) and monoterpene (1.01%) in EgEO. The most abundant volatile
constituents of the EQEO were germacrene D (16.10%), c-muurolene (15.60%),

bicyclogermacrene (8.53%), germacrene B (7.43%), and D-elemene (6.06%).

Sesquiterpenes have many biological properties and, particularly, cytotoxic activity has
been reported with promising results against tumor cells (Sharifi-Rad et al., 2017). According
to areview of the literature by Bosco and Golsteyn (2017), the most common biological activity

investigated with sesquiterpenes was that of cytotoxicity. In addition, several compounds of the
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sesquiterpene class have demonstrated selective cytotoxicity against cancer cells, which is quite

relevant in the search for new antitumor agentes (Yeo et al., 2015).

Methods for evaluate the hemolytic activity consists of checking for potential damage
caused by a natural product or drug to the membranes of erythrocytes (Miyazaki et al., 2014).
The hemolytic action of a drug can occur by various mechanisms, from the dissolution or
increase of the permeability of the cellular membranes until the complete cellular lysis
(Mortazavian et al., 2018).

The high lipid composition of erythrocyte membranes allows the interaction of
lipophilic compounds, such as those present in essential oils with the erythrocyte membrane,
increasing its permeability and resulting in cell lysis. Therefore, this has been the mechanism
most commonly associated with hemolysis caused by essential oils (Barros et al., 2016).

Considering the results obtained in this research, it is possible to infer that the studied
essential oil presents low toxicity to erythrocytes at the concentrations tested, since percentages
of hemolysis above 15% are considered high, corresponding to extensive damage to erythrocyte

membranes (Preté et al., 2011).

Based on US National Cancer Institute standards, an extract has high potential to be
developed as an anticancer agent if it has a 50% inhibitory concentration (ICso) < 50 ug/mL
(Susianti et al., 2018). Thus, according to the ICso values obtained in this study, EQEO has a
strong cytotoxic effect on the tumor cells investigated and potential to be developed as an

anticancer substance.

Recent studies have also reported the cytotoxicity properties of essential oils of Eugenia
species with 1Csg values similar to those found in this research. Da Silva et al. (2017) reported
the cytotoxic potential of three Eugenia essential oils to HCT-116 cells (colon cancer) by the
MTT assay, where the most active was E. polystachya oil (ICso = 10.3 ug/mL), followed by E.
flavescens (ICso = 13.9 ug/mL) and E. patrisii (ICso = 16.4 pg/mL). In addition, the authors
identified that sesquiterpenes were the class of compounds most represented in these oils (E.
polystachya, E. flavescens and E. patrisii presented 94.3, 96.3 and 95.2% of sesquiterpernes,

respectively).

Figueiredo et al. (2019) reported that essential oils of two chemotypes of E. uniflora
with high content of sesquiterpenes (90.4 and 84.4%) have cytotoxic activity against HCT-116
(colon) (ICs0=16.26 pg/mL; ICso= 9.28 pg/mL), AGP-01 (malignant gastric ascites)
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(1C50=12.60 pg/mL; 1C5=8.73 pg/mL) and SKMEL-19 (melanoma) (IC5=12.20 pug/mL;
ICs0=15.42 pg/mL) cancer cell lines.

Martinez et al. (2017) evaluated the contact toxicity of cinnamon and clove essential
oils, also in the T. molitor. As in our study, the pupae (LCso = 10.7 and 6.45 ug insect?,
respectively) were more susceptible to contact with the essential oils followed by adults (LCso
= 29.8 and 21.6 ug insect?, respectively) and larvae (LCso = 30.4 and 35.1 pg insect?,
respectively). However, Plata-Rueda et al. (2017) reported that larvae (LCso = 0.77; LCgo =
1.36%) were more susceptible to contact with the garlic essential oil, followed by pupae (LCso
=2.37; LCg0 = 4.01%) and adults (LCso = 2.03; LCgo = 4.73%)).

One possible explanation for the developmental stages difference is that potency may
be affected by the penetration of the essential oils compounds into the body and the ability of
the insect to metabolize these compounds (Plata-Rueda et al., 2017).

In contrast to our results, the studies mentioned indicated that small amounts of the

essential oils tested were toxic in T. molitor.

EgEO did not cause changes in the number of larvae that reached pulpation and did not
affect the viability and emergence of the pupae. The newly emerged adults of T. molitor did not
present morphological abnormalities. Therefore, EQEO at sublethal concentrations did not

affect the life cycle or induce deformities in T. molitor.
Conclusions

The essential oil from E. gracillima leaves is rich in sesquiterpenes. In physiological
conditions the oil showed low cytotoxic to human erytrocitys, and concentration-dependent
effects were observed. The cytotoxic activity of EGQEO on cancer cells was considered high,
particulary against HL-60 line. LD values obtained to showed that the pupae of T. molitor were
more susceptible to toxicity contact with EQEO. In sublethal concentrations the oil did not
caused deformities in T. molitor. Data obtained in this research suggest the antitumoral potential

of the EgEO and low toxic potential.
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Tables

Table 1. Chemical compounds identified in the Eugenia gracillima essential oil (EQEO) by GC-
MS.

Compounds IR? IR %
1 o-elemene 1335 1330 589
2 a-cubebene 1348 1346 022
3 a-copaene 1374 1374 0.4
4 p-cubebene 1387 1385 0.73
5 p-bourbonene 1387 1387 (.99
6 S-elemene 1389 1390 1.89
7 p-caryophyllene 1417 1413 3.64
8  p-ylangene 1419 1418 .87
9 S-duprezianene 1421 1420 1.18
10 4,8-p-epoxy-caryophyllene 1423 1422 0.33
11 (E)-a-lonene 1428 1416 1.18
12 p-copaene 1430 1429 1.07
13 p-gurjunene 1431 1430 0.28
14 Aromadendrene 1439 1436 1.46
15 g-neo-clovene 1452 1453 215
16  Allo-aromadendrene 1458 1455  16.37
17 9-epi-(E)-caryophyllene 1464 1464 1.39
18 y-gurjunene 1475 1473 (.96
19 y-himachalene 1481 1482 .11
20 g-amorphene 1483 1483 0.90
21 Germacrene D 1484 1485 (.23
22 5-Selinene 1492 1490  3.72
23 Valencene 1496 1495 1459
24 Viridiflorene 1496 1496 560
25  g-Muurolene 1500 1499 (062
26 Epozonarene 1501 1501 Q.27
27 Trans-f-guaiene 1502 1502 245
28 g-chamigrene 1503 1503 7.05
29 p-bisabolene 1505 1506 (.77
30  Germacrene A 1508 1509 0.56
31 a-bulnesene 1509 1510 0.76
32 s5-Amorphene 1511 1511 1.40
33 y-Cadinene 1513 1513 405
34 (2)-y-bisabolene 1514 1514 .95
35 Cubebol 1514 1515 223
36  Nootkatene 1517 1518 0.30
37 7-epi-a-selinene 1520 1521 0.61
38  Trans-calamenene 1522 1523 0.52
39 5-Cadinene 1522 1525 1.39

Sesquiterpenes 97.02

Total 97.02

a|_jnear retention indices from the literature. "Retention indices calculated from retention times in relation to those
of a series of n-alkanes on a 30 m DB-5 capillary column.
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Table 2. Percentage of inhibition to growth of human tumor cell.

Concentration % of inhibition
Samples
(ug/mL) NCI-H292 MCF-7 HL-60 HT-29
EgEO 50 234+03 91.2+52 976+22 904+7.1
Doxorubicin 5 941+19 79.4+26 929+06 641+1.1

EgEO = Eugenia gracillima essential oil. Data expressed as mean and standard deviation. The tests were done in
quadruplicate and in 3 different experiments.

Table 3. ICsp of the Eugenia gracillima essential oil (EQEO) against the tumor cell lines.

Concentrations ICso (Mg/mL)
Samples
(ug/mL) NCI-H292  MCF-7 HL-60 HT-29
14.0 10.8 35.0
EgEO 0.098-50 NT

12.0-16.4  9.8-11.8  30.1-40.7

o 0.08 0.11 0.06 1.83
Doxorubicin 0.009-1.25

0.06-0.12 0.08-0.15 0.05-0.07 1.36-2.40

EgEO = Eugenia gracillima essential oil; NT = not tested. The tests were done in quadruplicate and in 3 different
experiments. The values were expressed as ICsp (concentration that inhibited cell proliferation by 50%) and
confidence interval using GraphPad Prism 7.0 Demo.
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Table 4. Lethal doses of the Eugenia gracillima essential oil (EgEO) on different
developmental stages of Tenebrio molitor after 48 hours exposure.

Insect stage LD 2EV 3IC (mg/mL)

LDso 5.98 5.72-6.23

Larva
LDgo 17.10 16.83-17.36
LDsg 4.55 4.41 - 4.68
Pupa
LDgo 13.60 13.09 -14.10
LDso 5.24 5.03-5.44
Adult

LDgo 13.40 12.94-13.85

'L Dso ana 90, lethal dose causing 50 and 90% mortality; 2EV, estimated value; 3Cl, confidential interval.

Table 5. Effect of the Eugenia gracillima essential oil (EQEO) on the development of Tenebrio
molitor.

Number of pupae formed

_ bSuccessfull
Treatment o5 “Duration of _ ‘Emergence
10 y pupation .
S 5 Days 20 Days Day Pupalstage o %
Days 0
S
T1 7 13 45 82 145+0.8 91 91
T2 5 12 47 85 155%0.2 94 93
Control 6 12 46 87 155+ 0.6 97 97

aAverage duration, the criteria used were to measure until emergence of survival pupae. Data expressed as mean
and standard deviation. "Percentage with respect to control. ¢% = Number of adults emerged x 100/Total number
of pupae.
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Figures

Figure 1. Percentage of hemolysis induced by different concentrations of the Eugenia
gracillima essential oil (EQEO).
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Hemolysis (%)
o

0.11 0.22 0.44 0.88 1.76
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3.2 ARTIGO 2

ANTI-Staphylococcus aureus ACTIVITY OF Eugenia gracillima KIAERSK. ESSENTIAL
OIL: ANTI-VIRULENCE ACTION AND in vivo EVALUATION IN Tenebrio molitor
INFECTION MODEL.

Microbiological
Research .. .
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Abstract

This work evaluated the activity of the essential oil of Eugenia gracillima Kiaersk. (EgO)
against standard and multiresistant strains of Staphylococcus aureus in vitro and in vivo using
the Tenebrio molitor model. The chemical characterization of EQEO was performed for the first
time using the GC / MS technique. It was observed that all the compounds identified (97.02%)
belong to the class of sesquiterpenes. The antimicrobial potential of EQEO was determined by
the broth dilution method, in which MIC and MBC values were obtained. EQEO inhibited the
growth of all strains tested (MIC 0.01 - 1.84 mg/mL) and showed bactericidal activity for seven
of the strains tested (MBC 0.46 - 1.84 mg/mL). In the time-Kkill assay, concentrations of EQEO
corresponding to 2xMIC for strains ATCC 29213 (0.92 mg/mL) and UFPEDA 683 (0.02
mg/mL) inhibited the growth of S. aureus in less time when compared to concentrations
corresponding to 1/2 MIC and MIC in all strains, demonstrating a dose-dependent relationship
of EgEO over time. The staphyloxanthin (STX) biosynthesis was determined by absorbance at
465 nm, and EQEO demonstrated anti-virulence potential, reducing the production of this
carotenoid at sub-MIC and MIC concentrations. At a concentration previously determined as
sublethal (4.612 mg/mL), the essential oil was effective against S. aureus infection in T. molitor
only in the standard strain. This is the first report of the application of this oil in the
antimicrobial activity associated with the anti-virulence action, as well as using a model of
infection of T. molitor.

Keywords: Myrtaceae. Sesquiterpenes. Time-kill assay. Staphyloxanthin.
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Introduction

Resistance to antibiotics has become a public health problem on a global scale. In 2014,
the World Report on Antimicrobial Resistance of the World Health Organization (WHO)
considered that the growth of antibiotic resistance is a threat to global health (WHO, 2014).
Considering that microbial resistance represent a challenge in the treatment of infections, it is
evident the need to find new substances to be used in the control of these microorganisms.

Staphylococcus aureus is a commensal bacterium and an important etiological agent
associated with nosocomial and community-acquired infections (Tong et al., 2015). It is
characterized by its high frequency and pathogenicity (Aryee and Edgeworth, 2016). In
addition, this microorganism is associated with multiple antibiotic resistance. The first strains
of methicillin-resistant S. aureus (MRSA) emerged in the 1960s, and have since become a
challenge for conventional antimicrobial treatment (Stryjewski and Corey, 2014).

Recently, the World Health Organization (WHO) has published a list of priority
pathogens according to the need for the development of new antibiotics. In this list, antibiotic-
resistant microorganisms, such as Klebsiella pneumoniae and Escherichia coli, were classified
at critical, high and medium levels, and MRSA is described in the group considered high
(WHO, 2017).

Medicinal and aromatic plants are considered an important resource for the
pharmaceutical, food, cosmetics and perfumery industries. The discovery of new medicines is
related to the research of natural products, considering that a large part of the world population
depends on plant-based medicines for the treatment of several pathologies (Swamy and Sinniah,
2015). Essential oils obtained from medicinal and aromatic plants are complex volatile
compounds consisting of a mixture of substances including terpenes, aldehydes, esters, ethers,
phenols, alcohols and ketones. Biological activities such as antimicrobial, antioxidant,
antitumor and anti-inflammatory are attributed to essential oils (Zhang et al., 2017; Nascimento
etal., 2018).

The antimicrobial properties of essential oils depend mainly on their chemical
constitution. The presence of different types of terpenes, phenols, aldehydes and other
antimicrobial compounds justifies the diversified action of essential oils against bacterial,

fungal and viral pathogens (Akhtar et al., 2014). Essential oils have demonstrated high potential
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against pathogenic microorganisms of clinical interest like Escherichia coli, S. aureus, Candida
albicans, Candida glabrata and Influenza A virus (H5N1 e H2N2) (Swamy et al., 2016).

Eugenia gracillima Kiaersk. (Myrtaceae) is a native and endemic species of Brazil. The
plant is a shrub that varies in height from 1.5 to 5.0 meters. Known popularly as “murta” in
Northeastern Brazil or as “cambui” in other regions, its fruits are consumed fresh or processed
in the form of pulp, juice, jelly, liquor or desserts. In the Brazilian northeast, the fruits of the
species have socioeconomic importance (Araujo et al., 2016).

The aim of this work was to evaluate the activity of essential oil obtained from leaves
of Eugenia gracillima Kiaersk. against standard and multiresistant strains of Staphylococcus

aureus, investigating the anti-virulence potential and in vivo antimicrobial activity.

Materials and Methods
Plant Material

Eugenia gracillima Kiaersk., was collected in the Chapada do Araripe, Pernambuco,
Brazil (Latitude- 7° 49’ 41” S; Longitude- 39° 51° 18” W), in July 2015. All the material used
was processed following the usual techniques in taxonomy, being deposited in the IPA
Herbarium (voucher access number: IPA 91.440), from the Agronomic Institute of

Pernambuco.

Essential Oil Extraction

Essential oil extraction was performed at the Laboratory of Natural Products, Federal
University of Pernambuco, Brazil. Fresh leaves of E. gracillima (370 g) were submitted to the
hydrodistillation method, using a modified Clevenger apparatus, for a 4 h period (Guimaraes et
al., 2008). The essential oil of E. gracillima (EQEO) was then separated from the hydrolate by
centrifugation at 3000 rpm for 5 min, using a benchtop centrifuge. EQEO was collected, packed

in amber glass bottle and stored under refrigeration (4 °C). The EgEO yield was 1.32%.

Chemical Analysis of the Essential Qil

Gas chromatography

Quantitative GC analyses were carried out using a Shimadzu GC-QP2010
Ultra apparatus equipped with a flame ionization detector (FID) and a non-polar column Rxi®-
5ms (Crossbond® 5% diphenyl/ 95% dimethylpolysiloxane) (10m x 0,10mm ID x
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10um df). The oven temperature was programmed from 40 to 250°C at a rate 25°C/min for
integration purposes. Injector and detector temperatures were 260°C. Hydrogen was used as the
carrier gas ata flow rate of 1 L/min and 30 p.s.i. inlet pressure in split mode (1:30). The injection
volume was 0.5 pL of diluted solution (1/100) of oil in n-hexane. The amount of each compound
was calculated from GC peak areas in the order of DB-5 column elution and expressed as a
relative percentage of the total area of the chromatograms. Analyses were carried out
in triplicate.

Gas chromatography-mass spectrometry

The qualitative GC/MS analysis were carried out using a analyses were performed using
a Shimadzu GCMS-QP2010 Ultra system with a mass selective detector, mass spectrometer in
El 70 eV with a scan interval of 0.5 s and fragments from 40 to 550 Da. fitted with the same
column and temperature program as that for the GC experiments, with the following
parameters: carrier gas = helium; flow rate = 1 mL/min; split mode (1:30); injected volume =1

pL of diluted solution (1/100) of oil in n-hexane.
Identification of componentes

Identification of the components was based on GC retention indices with reference to a
homologous series of C8-C40 n-alkanes calculated using the Van Den Dool and Kratz equation
(Van Den Dool and Kratz, 1963) and by computer matching against the mass spectral library
of the GC/MS data system (NIST 98 and WILEY) and co-injection with authentic standards as
well as other published mass spectra (Adams, 2007). Area percentages were obtained
electronically from the GC-FID response without the use of an internal standard or correction

factors.

Antimicrobial Activity

Bacterial strains

Strains of the Staphylococcus aureus ATCC 29213, UFPEDA 02 and clinical isolates:
UFPEDA 659/670/671/679/683/691/705/726/731/802 were provided by the Department of
Antibiotics, UFPE, Brazil.

Disc diffusion test - Resistance profile

To evaluate the resistance profile of the strains of S. aureus, disc diffusion test was

performed according to CLSI (2014) using the standard antibiotics: ampicillin (AMP), oxacilin
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(OXA), cephalotin (CFL), cephoxitin (CFO), cephazoline (CFZ), cefepime (CPM), cefuroxime
(CRX), cefotaxime (CTX), imipenem (IPM), meropenem (MER), nalidixic acid (NAL),
ciprofloxacin (CIP), nitrofurantoin (NIT), vancomycin (VAN), amikacin (AMI), gentamicin
(GEN), clindamycin (CLI), chloramphenicol (CLO), tetracycline (TET), trimetropim (TRI).

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC)

Minimum inhibitory concentration (MIC) was measured by the microdilution method
(CLSI, 2015). A twofold serial dilution of the EQEO was prepared in Luria Bertani (LB) broth
in 96 well microplates. Then, 10 uL of the bacterial suspension (ODsoo 0,15 + 0,05) was added.
The plates were incubated for 24 h at 37°C and the growth rate were obtained through the ODsoo
after incubation. To measure the minimum bactericidal concentration (MBC), the content from
the wells (5 pL) was cultured on Muller Hinton (MH) agar and incubated for 24 h at 37°C.

The minimum inhibitory concentration (MIC) was determined as the lowest
concentration of EGEO in which there was a > 50% reduction in optical density (bacterial
growth) relative to ODsoo in negative control. The MBC value was characterized as the lowest

concentration that eliminated the bacteria. All experiments were performed in quadruplicate.
Time-kill assay

The time-kill assay was performed with the ATCC 29213 and UFPEDA 683 strains.
Bacterial culture (100 pL; ODsoo 0.15 + 0.05 in saline) was incubated in LB broth (900 pL)
containing different concentrations of EQEO (MIC/2, MIC and 2xMIC). Bacterial growth was
evaluated considering the following intervals: 0, 1, 2, 3, 4, 5, 6 and 24 h and for couting viable
cells in plate agar after incubation at 37°C for 24 h. Bacterial growth was expressed by reduction

in CFU/mL. All experiment was performed in triplicate.
Staphyloxanthin assay

The staphyloxanthin assay was performed with the ATCC 29213, UFPEDA 02,
UFPEDA 802 and UFPEDA 683 strains. The production of S. aureus staphyloxanthin (STX)
was performed as described by Lee et al. (2013) slightly modified. S. aureus cells were
reinoculated at 1:100 dilution in MH medium (20 mL) and aliquots (100 pL) of this suspension
were incubated with diferent concentrations (sub-MIC and MIC) of EgEO at 37°C for 24 h in

eppendorfs at 200 rpm, in quadruplicate. EQEO was not added in the control. Cells were
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collected by centrifugation at 9000 rpm for 10 min and washed once with saline. STX was
extracted with MeOH (600 pL) and the OD was determined at 465 nm. All experiment was
performed in quadruplicate.

In vivo assays
Tenebrio molitor

T. molitor larvae were purchased from a commercial supplier (Insetos Brasil — Recife,
Pernambuco, Brazil) and kept in plastic trays (60 cm longx40cm widex12cm) at 26°C + 1 ina
12:12 h light/dark cycle. These individuals were fed ad libitum with wheat bran (12% protein,
2% lipids, 75% carbohydrates and 11% mineral/sugar), pieces of sugarcane Saccharum
officinarum (L.) (Poaceae) and chayote Sechium edule (Jacq.) Swartz (Cucurbitaceae) (Plata-
Rueda et al., 2017). Healthy larvae (last instar larval) were chosen for the bioassays.

T. molitor x S. aureus infection

S. aureus was cultured in Luria-Bertani (LB) broth overnight at 37°C. The cells were
centrifuged at 3500 rpm for 10 min. The bacterial pellet was washed twice in phosphate-
buffered saline (PBS) and diluted with PBS to reach a concentration of 10? cells/mL. T. molitor
larvae were microinjected with 1 pL suspensions of S. aureus (102 cells/mL) using a 1 mL
syringe. After 2 h of infection, the larvae were treated with EQEO (concentrations previously
determined as sublethal: 1.153, 2.302, 4.612 mg/mL). The control larvae were injected with 1
puL of PBS at the same time. Following this, larvae were maintained under standard rearing
conditions in isolation. A total of 30 larvae per treatment (n = 10) were used and the results

represent an average of three biological replications.

Statistical Analysis

Data were expressed as mean * standard deviation. Statistical analysis and graphical
representation of the data were performed using GraphPad Prism 7.0 (GraphPad Software).

Data were analyzed using ANOVA. P values < 0.05 were considered statistically significant.
Results and Discussion

In the chemical analysis of EQEO, 39 compounds were identified, representing 97.02%
of the total oil content (Table 1). All compounds identified in EQEO belong to the class of

sesquiterpenes. The major compounds were allo-aromadendrene (16.37%), valencene
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(14.59%), a-chamigrene (7.05%), y-himachalene (6.11%), 6-elemene (5.89%) and viridiflorene
(5.60%).

In the literature there are reports of other species of the family Myrtaceae in which the
composition of the essential oils analyzed was rich in sesquiterpenes. Studies with essential oils
of E. punicifolia and E. luschnathiana identified, respectively, 98.2% and 97.2% of the
compounds and all belonged to the class of sesquiterpenes (Ramos et al., 2010; Monteiro et al.,
2016). Godinho et al. (2014) observed the predominance of sesquiterpenes (96.53%) in the
essential oil of Blepharocalyx salicifolius, considering the total percentage of compounds
identified (97.82%). A recent study reported that the essential oil of E. candolleana is composed
mainly of sesquiterpenes (94.21%), in addition the compounds J-elemene (8.28%) and
viridiflorene (6.96%) were among the major compounds, as in EQEO used in our study (Neves
et al., 2017). The allo-aromadendrene, identified in this study as a major component of EgEQ,
has not been described among the major components of the essential oils of these species. The
mentioned studies demonstrate a chemical profile similar to that presented in this study,

showing the sesquiterpenes as predominant compounds of these essential oils.

Sesquiterpenes exhibit a variety of biological properties, such as antimicrobial,
antioxidant, anticancer and anesthetic, and therefore have high pharmaceutical interest
(Dahham et al., 2015; Fu et al., 2017). The antimicrobial potential of these compounds has been
evaluated against several pathogens of clinical interest, such as S. aureus, Escherichia coli and
Candida albicans (Santoso et al., 2018). In the literature, the anti-S. aureus activity of isolated
sesquiterpenes has been reported (Liu et al., 2015; Jiang et al., 2017). In this study, we evaluated

the anti-S. aureus potential of EQEO considering the composition rich in sesquiterpenes.

S. aureus is an important opportunistic pathogen that can cause infections ranging from
skin disorders to systemic diseases. Due to the multiple antimicrobial resistance developed by
this pathogen, the currently available therapeutic options are often inefficient (Anstead et al.,
2014; Oliveira et al., 2018). In view of the need to develop new antimicrobials, bioactive
compounds present in medicinal and aromatic plants have been widely investigated as
potentially applicable substances for the treatment of infections (Merghni et al., 2018). Essential
oils have shown promising results against resistant strains of S. aureus (Kon and Rai, 2012).
Moreover, according to Zouhir et al. (2016), essential oils obtained from species of the

Myrtaceae family were the first to demonstrate promising results against MRSA.
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The resistance profile of the strains of S. aureus was determined by the disc diffusion
test (Table 2). The antimicrobial activity of EQEO was evaluated against strains with different
resistance profiles through the broth dilution test. The MIC and MBC values are shown in Table
3. The results demonstrate that EGEO exhibited inhibitory activity for all S. aureus strains
tested, with MIC values between 0.01 and 1.84 mg/mL. Aligiannis et al. (2001) proposed a
classification for plant materials based on MIC values: strong inhibition: < 0.5 mg/mL;
moderate inhibition: 0.6 - 1.5 mg/mL; low inhibition > 1.6 mg/mL. Thus, EQEO demonstrated
strong inhibition for six of the tested strains, mainly for strain UFPEDA 683 (MIC = 0.01
mg/mL).

MBC values were obtained for nine of the tested strains and ranged from 0.05 to > 1.84
mg/mL. The antimicrobial action of essential oils may be bacteriostatic or bactericidal.
According to Gatsing et al. (2006), antimicrobial agents are considered bacteriostatic when the
MBC/MIC ratio > 4 and bactericidal when the MBC/MIC ratio < 4. Thus, EQEO demonstrated
bactericidal action against seven strains of S. aureus, being more evident for the multiresistant
strains (MBC/MIC = 2).

In a recent study by Chaves et al. (2018) the Eucalyptus camaldulensis essential oil
presented antimicrobial activity against two MRSA strains, with MIC value = 1 mg/mL for
both. Buldain et al. (2018) reported that the Melaleuca armillaris essential oil exhibited
antimicrobial potential against three MRSA strains, with MIC value = 12.5 uLL/mL for all. These
results, as well as those obtained in our study, demonstrate the antimicrobial potential of

essential oils obtained from plants of the Myrtaceae family against MRSA.

Some of the S. aureus strains used in the broth diluition test were selected for the time-
kill assay. ATCC 29213 was selected because is a standard and non-virulent strain, and
UFPEDA 683 strain was selected by the high resistance profile and considering the relevant
values of MIC and MBC of EgEO obtained. The concentrations of EQEO used in this assay
correspond to the MIC/2, MIC and 2xMIC values for each S. aureus strain (ATCC 29213: 0.23,
0.46, 0.92 mg/mL, UFPEDA 683: 0.005, 0.01, 0.02 mg/mL).

The kinetic growth of the selected strains exposed to EQEO can be observed in Figure
1A, B. The time-kill assay is widely used to determine the bactericidal effect and to obtain
informations on the interaction between the antimicrobial agent and the microorganism. In
addition, a possible time-dependent or concentration-dependent antimicrobial activity is

revealed by the time-kill assay (Chouhan et al., 2017). The results obtained in this assay
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confirmed the antimicrobial activity of EQEO against S. aureus and showed that the treatment
time and the concentration of the essential oil had influence on bacterial growth. Bacterial
growth at MIC/2 concentration was similar to control in both tested strains. MIC concentration
showed reduce on bacterial growth during the first 6 h of treatment, and in the following hours
it was possible to observe the inhibitory action of EQEO on bacterial growth of the ATCC 29213
strain. The treatment corresponding to the concentration of 2xMIC showed the highest
antimicrobial activity in the ATCC 29213 strain. In addition, at this concentration it was
possible to observe the bactericidal action of EQEO between 5 and 6 h of treatment.

Tangjitjaroenkun et al. (2012), described the bactericidal activity of the Zanthoxylum
limonella essential oil against S. aureus, and noted that the treatment time for the standard strain
was significantly lower when compared to the MRSA strain. Xu et al. (2016), reported that the
Syringa yunnanensis essential oil shows antimicrobial activity against S. aureus, and that the
antimicrobial action depends on concentration and time. In the mentioned studies, treatment
with the concentration of 2xMIC was the most effective. These results corroborate our findings,

evidencing the importance of treatment time and essential oil concentration.

Staphyloxanthin (STX) is a golden carotenoid pigment present in the cell membrane of
S. aureus. Considered an important virulence factor with antioxidant properties, the pigment
provides integrity to the cell membrane and promotes resistance to reactive oxygen species
(ROS) generated by host neutrophils. STX has been associated with increased survival of S.
aureus under stressful environmental conditions and during infections. Thus, inhibition in STX
biosynthesis has been investigated as a possible strategy for the treatment of infections caused
by S. aureus (Tiwari et al., 2018; Rubini et al., 2018a).

In our study, staphyloxanthine biosynthesis was reduced in S. aureus strains UFPEDA
02, UFPEDA 683 and UFPEDA 802 at sub-MIC and MIC concentrations of EQEO (Figure 2).
The concentrations of EQEO used in this assay correspond to the MIC/8, MIC/4, MIC/2 and
MIC values for each S. aureus strain tested (ATCC 29213: 0.05, 0.11, 0.23, 0.46 mg/mL,
UFPEDA 02: 0.23, 0.46, 0.92, 1.84 mg/mL, UFPEDA 802: 0.02, 0.05, 0.11, 0.23 mg/mL and
UFPEDA 683: 0.001, 0.002, 0.005, 0.01 mg/mL). According to previous studies, essential oils
and their compounds can reduce or eliminate STX biosynthesis, and thus decrease the virulence
of S. aureus. Rubini et al. (2018b), reported that the essential oil of Pogostemon heyneanus
reduced the STX biosynthesis in multiresistant strains of S. aureus. Kwiatkowski et al. (2015)

observed that S. aureus colonies treated with essential oils obtained from the species
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Rosmarinus officinalis L., Carum carvi L., and Foeniculum vulgare Mill., lost natural gold
pigmentation characterized by the presence of STX. Kuroda et al. (2007) reported that the
farnesol sesquiterpene completely suppressed the STX biosynthesis in standard and
multiresistant strains of S. aureus. The reduction in the STX biosynthesis observed in our study
demonstrates the potential anti-virulence of EQEO against S. aureus.

The mealworm, Tenebrio molitor, has been widely used as a model host in experiments
involving infection by pathogenic microorganisms, especially by the immune response
exhibited by these organisms (Dobson et al., 2014; Seo et al., 2016). The in vivo assay was
performed using T. molitor as the model of infection.

The larvae were infected with the bacterial inoculum (ATCC 29213 and UFPEDA 683)
and treated with different concentrations of EQEO (concentrations previously determined as
sublethal: 1.153, 2.302, 4.612 mg/mL).

In our study, larvae were susceptible to S. aureus infection. The results showed that
EQEOQ at a concentration of 4.612 mg/mL was effective against S. aureus infection in T. molitor
only in the standard strain, but was not effective at the other concentrations tested (Figure 3).
In addition, EGEO was not effective against infection by the clinical strain at the concentrations

tested. This is the first time that the antimicrobial potential of EQEO was evaluated in vivo.
Conclusions

The results obtained in this study demonstrated the antimicrobial potential of EQEO
against standard and multiresistant strains of S. aureus. In addition, the anti-virulence action of
the oil was found due to its ability to reduce the STX biosynthesis by the microorganism. EGEO

has shown a promising antimicrobial profile.
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Table Captions

Table 1. Chemical compounds identified in the Eugenia gracillima essential oil (EgEO) by
GC-MS.

Table 2. Resistance profile of standard strains and clinical isolates of Staphylococcus aureus
by disc diffusion test.

Table 3. Minimum Inhibitory Concentration (MIC-mg/mL) and Minimum Bactericidal
Concentration (MBC-mg/mL) of Eugenia gracillima essential oil (EgEO) against
Staphylococcus aureus.
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Table 1.

Compounds IR? IR® %
1 d-elemene 1335 1330 5.89
2 a-cubebene 1348 1346 0.22
3 a-copaene 1374 1374 0.84
4 B-cubebene 1387 1385 0.73
S B-bourbonene 1387 1387 0.99
6 p-elemene 1389 1390 1.89
7 B-caryophyllene 1417 1413 3.64
8 B-ylangene 1419 1418 0.87
9 p-duprezianene 1421 1420 1.18
10 4,8-p-epoxy-caryophyllene 1423 1422 0.33
11 (E)-a-lonene 1428 1416 1.18
12 B-copaene 1430 1429 1.07
13 p-gurjunene 1431 1430 0.28
14 Aromadendrene 1439 1436 1.46
15 a-neo-clovene 1452 1453 2.15
16  Allo-aromadendrene 1458 1455  16.37
17 9-epi-(E)-caryophyllene 1464 1464 1.39
18  y-gurjunene 1475 1473 0.96
19 y-himachalene 1481 1482 6.11
20 g-amorphene 1483 1483 0.90
21 Germacrene D 1484 1485 0.23
22 §-Selinene 1492 1490 3.72
23 Valencene 1496 1495 14.59
24 Viridiflorene 1496 1496 5.60
25  a-Muurolene 1500 1499 0.62
26 Epozonarene 1501 1501 0.27
27 Trans-B-guaiene 1502 1502 2.45
28  o-chamigrene 1503 1503 7.05
29  p-bisabolene 1505 1506 0.77
30  Germacrene A 1508 1509 0.56
31  a-bulnesene 1509 1510 0.76
32 §-Amorphene 1511 1511 1.40
33  y-Cadinene 1513 1513 4.05
34 (2)-y-bisabolene 1514 1514 0.95
35  Cubebol 1514 1515 2.23
36  Nootkatene 1517 1518 0.30
37  7-epi-a-selinene 1520 1521 0.61
38  Trans-calamenene 1522 1523 0.52
39  §-Cadinene 1522 1525 1.39

Sesquiterpenes 97.02

Total 97.02

3| _jnear retention indices from the literature. "Retention indices calculated from retention times in relation to those
of a series of n-alkanes on a 30 m DB-5 capillary column.
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Staphylococcus

. Source Resistance Profile
aureus Strains
ATCC 29213 Standard -
Strain
UFPEDA 02 Standard -
Strain
UFPEDA 659 Cathetertip ~ OXA/NAL
UFPEDA 670 Catheter tip AMP/ OXA/ NAL/CIP/CLI/TRI
UFPEDA 671 Bone AMP/OXA/NAL/CIP/AMI/GEN/CLI/CLO/T
fragmente ET/TRI
Surgical AMP/OXA/CFL/CFZ/NAL/VAN/AMI/CLI/
UFPEDA 679 wound
secretion
UEPEDA 683 Purulent AMP/OXA/CFL/CFO/CFZ/CPM/CRX/CTX/
exudate NAL/CIP/VAN/AMI/GEN/CLI/CLO/TRI
UFPEDA 691 Catheter tip  NAL/CIP/CLO
Surgical AMP/
UFPEDA 705 wound  OXAJCFL/CFO/CPM/CRX/NAL/NIT/GEN
UFPEDA 726 Nasal secretion AMP/OXA/CIP/GEN/CLO/TRI
Surgical AMP/OXA/CFL/CFO/CRX/NAL/CIP/GEN/
UFPEDA 731 wound CLI/CLO/TRI
secretion
UEPEDA 802 Nasal secretion AMP/OXA/CFL/CFO/CFZ/CPM/CRX/CTX/

NAL/CIP/AMI/GEN/CLI/CLO/TET/TRI
AMP = ampicillin; OXA = oxacillin; CFL = cephalotin; CFO = cephoxitin; CFZ = cephazoline; CPM = cefepime;

CRX = cefuroxime; CTX = cefotaxime; IPM = imipenem; MER = meropenem; NAL = nalidixic acid; CIP =
ciprofloxacin; NIT = nitrofurantoin; VAN = vancomycin; AMI = amikacin; GEN = gentamicin; CLI =

clindamycin; CLO = chloramphenicol; TET = tetracycline; TRI = trimetropim.

Table 3.

Staphylococcus

. MIC MBC MBC/MIC

aureus Strains

ATCC 29213 0.46 1.84 4
UFPEDA 02 1.84 >1.84 ND
UFPEDA 659 0.46 0.92 2
UFPEDA 670 0.23 1.84 8
UFPEDA 671 0.23 0.46 2
UFPEDA 679 0.92 1.84 2
UFPEDA 683 0.01 0.05 5
UFPEDA 691 1.84 >1.84 ND
UFPEDA 705 0.92 1.84 2
UFPEDA 726 0.92 1.84 2
UFPEDA 731 1.84 >1.84 ND
UFPEDA 802 0.23 0.46 2

ND: Not Determined. MIC and MBC = mg/mL.
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Figures Captions

Figure 1 - Time-kill curves of Staphylococcus aureus ATCC 29213 (A) and UFPEDA 683 (B)
after exposure to the Eugenia gracillima essential oil (EGEO). Control represents the untreated
Staphylococcus cells.

Figure 2 - Profile of the staphyloxantin biosynthesis by Staphylococcus aureus UFPEDA 02
(A), ATCC 29213 (B), UFPEDA 683 (C) and UFPEDA 802 (D) in the presence of the
respectives MIC, MIC/2, MIC/4 and MIC/8 of Eugenia gracillima essential oil (EQEO).

Figure 3 - Percent survival of the Tenebrio molitor after infection by Staphylococcus aureus
ATCC 29213 (A) and UFPEDA 683 (B) followed by treatment with Eugenia gracillima
essential oil (EgEO).
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Figure 2
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*** Indicates a statistically significant difference (p < 0.001) for a comparison between Staphylococcus aureus
incubated with PBS (No treatment) and Staphylococcus aureus incubated in the presence of Eugenia gracillima
(EgEO), as determined by ANOVA.
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Figure 3
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Abstract

Candida glabrata is an emerging opportunistic pathogen. Its ability to rapidly develop
resistance to antifungal agents has been associated with an increase in its prevalence. The aim
of this study was to analyze the chemical composition and in vitro and in vivo effects of Eugenia
gracillima essential oil (EQEO) on standard and clinical strains of C. glabrata. The EO was
obtained from the leaves of the species by the hydrodistillation method and its chemical
composition analyzed by GC/MS. The in vitro antifungal susceptibility test was performed by
the microdilution method. The kinetics of fungal death was determined by the time kill assay.
In vivo antifungal activity was evaluated using T. molitor as the model of infection. All
compounds identified in EQEO belong to the sesquiterpene class. EQEO efficiently inhibited
the growth of all strains. The minimum inhibitory concentration (MIC) range was 0.11 to 3.69
mg/mL and the minimum fungicide concentration (MFC) range was 0.92 to 3.69 mg/mL. Time-
kill curves showed that the oil at concentrations corresponding to MIC and 2xMIC values was
considered fungistatic and fungicidal, respectively. At a concentration previously determined
as sublethal (2.302 mg/mL), the essential oil was effective against C. glabrata infection in T.
molitor only in the standard strain. EQEO has relevant antifungal potential against C. glabrata
and may be a promising therapeutic agent.

Keywords: Myrtaceae. Sesquiterpenes. Time-kill assay. Tenebrio molitor.
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Introduction

Candida spp. are considered important opportunistic pathogens that can cause local or
systemic infections. They are among the major pathogens related to nosocomial infections,
especially in patients admitted to an intensive care unit (ICU) (Vahedi et al., 2015). Although
C. albicans is the most common species associated with candidiasis, non-albicans Candida
(NAC) species, including C. glabrata, C. tropicalis and C. parapsilosis are often responsible

for these infections (\allabhaneni et al., 2016).

C. glabrata emerged as a pathogen that quickly developed resistance to multiple drugs,
leaving no treatment options in some cases. Resistance to different classes of drugs that have
distinct mechanisms of action, such as triazoles and echinocandins, has been developed over a
shorter period of time compared to any other Candida species (Cavalheiro et al., 2019; Healey
etal., 2016). In addition to the multidrug resistance presented by the pathogen, the high toxicity,
drug interactions, and insufficient bioavailability of active ingredients of the available
antifungal contribute to therapeutic failure (Vale-Silva; Sanglard, 2015).

The increased prevalence of candidiasis caused by C. glabrata has been attributed to the
increasing number of multidrug resistant strains and the shortage of new classes of antifungals.
Therefore, in search of new therapeutic options, many compounds found in plants have been
investigated (Kalidindi et al, 2015). Essential oils (EOs) from aromatic plants have bioactive
compounds with antifungal properties, including anti-Candida, and may be new antifungal

agents used in the treatment of candidiasis (Sharifi-Rad et al., 2017).

The genus Eugenia (Myrtaceae) comprises about 1100 species, of which more than 380
are found in Brazil, where many species have commercial and nutritional importance attributed
to the production of edible fruits. In addition, like other Myrtaceae, most species of the genus
are rich in EOs that may exhibit aromatic and biological properties. The EOs of Eugenia have
a remarkable chemical diversity, with a high number of distinct compounds identified in the
analyzed species, being predominant cyclic sesquiterpenes and monoterpenes (Bida et al.,
2018).

E. gracillima Kiaersk., popularly known as “murta”, is a fructiferous shrub, native and
endemic to Brazil. Its fruits have important nutritional value attributed to the high content of

anthocyanins, and can be consumed fresh or processed. The species is economically important
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in northeastern Brazil, particularly in the Chapada do Araripe (Pernambuco, Brazil), where

products such as pulps, jellies and liqueurs are marketed (Feitosa et al, 2018).

The aim of this study was to evaluate the chemical composition and antifungal potential
in vitro and in vivo of the E. gracillima essential oil (EQEO) against Candida glabrata.

Materials and Methods
Plant Material

Eugenia gracillima Kiaersk., was collected in the Chapada do Araripe, Pernambuco,
Brazil (Latitude- 7° 49 41” S; Longitude- 39° 51° 18” W), in July 2015. All the material used
was processed following the usual techniques in taxonomy, being deposited in the IPA
Herbarium (voucher access number: IPA 91.440), from the Agronomic Institute of

Pernambuco.

Essential Qil Extraction

Essential oil extraction was performed at the Laboratory of Natural Products, Federal
University of Pernambuco, Brazil. Fresh leaves of E. gracillima (370 g) were submitted to the
hydrodistillation method, using a modified Clevenger apparatus, for a 4 h period (Guimaraes et
al., 2008). The essential oil of E. gracillima (EQEO) was then separated from the hydrolate by
centrifugation at 3000 rpm for 5 min, using a benchtop centrifuge. EQEO was collected, packed

in amber glass bottle and stored under refrigeration (4 °C). The EgEO yield was 1.32%.

Chemical Analysis of the Essential Qil

Gas chromatography

Quantitative GC analyses were carried out using a Shimadzu GC-QP2010
Ultra apparatus equipped with a flame ionization detector (FID) and a non-polar column Rxi®-
5ms (Crossbond® 5% diphenyl / 95% dimethylpolysiloxane) (10m x 0,10 mm ID X
10um df). The oven temperature was programmed from 40 to 250°C at a rate 25°C/min for
integration purposes. Injector and detector temperatures were 260°C. Hydrogen was used as the
carrier gas at a flow rate of 1 L/min and 30 p.s.i. inlet pressure in split mode (1:30). The injection
volume was 0.5 pL of diluted solution (1/100) of oil in n-hexane. The amount of each compound

was calculated from GC peak areas in the order of DB-5 column elution and expressed as a
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relative percentage of the total area of the chromatograms. Analyses were carried out

in triplicate.

Gas chromatography-mass spectrometry

The qualitative GC/MS analysis were carried out using a analyses were performed using
a Shimadzu GCMS-QP2010 Ultra system with a mass selective detector, mass spectrometer in
El 70 eV with a scan interval of 0.5 s and fragments from 40 to 550 Da. fitted with the same
column and temperature program as that for the GC experiments, with the following
parameters: carrier gas = helium; flow rate = 1 mL/min; split mode (1:30); injected volume = 1
ML of diluted solution (1/100) of oil in n-hexane.

Identification of componentes

Identification of the components was based on GC retention indices with reference to a
homologous series of C8-C40 n-alkanes calculated using the Van Den Dool and Kratz equation
(Van Den Dool and Kratz, 1963) and by computer matching against the mass spectral library
of the GC/MS data system (NIST 98 and WILEY) and co-injection with authentic standards as
well as other published mass spectra (Adams, 2007). Area percentages were obtained
electronically from the GC-FID response without the use of an internal standard or correction

factors.

Antifungal Activity

Fungal strains

Strains of Candida glabrata ATCC 2001 and clinical isolates: URM 4246, 4247, 4264,
5664, 5933, 6393 were obtained from the Fungal Culture Collection Micoteca URM
(Department of Mycology, Federal University of Pernambuco, Recife, Brazil). All strains were

maintained on Sabouraud dextrose agar at 4°C until used in antifungal assays.
Inoculum preparation

The inoculum suspension was prepared by picking five colonies of ~ 1 mm in diameter
from cultures of Candida glabrata strains grown on Sabouraud dextrose agar for 24 h at 35°C.
The colonies were suspended in 5 mL of sterile saline solution (0.85%) and the suspension was
vortexed for 15 s and the cell density was adjusted with a spectrophotometer by adding
sufficient sterile saline to increase the transmittance to that produced by a 0.5 McFarland

standard at 530 nm wavelength (1.0-5.0 x 10° cells per mL). The final inoculum suspension
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was made by a 1:100 dilution followed by a 1:20 dilution of the stock suspension using RPMI
1640 (Roswell Park Memorial Institute - 1640) culture medium with MOPS (3-(N-morpholino)
propanesulfonic acid), which results in 2.5-5.0 x 102 cells per mL.

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal
Concentration (MFC)

The evaluation of the antifungal activity was performed by the broth microdilution
method according to the protocol described by Clinical and Laboratory Standards Institute
(CLSI) in the M27-A3 document (CLSI, 2008). For the broth microdilution assay, RPMI 1640
medium with MOPS (100 pL) was plated in 96-well microplates. The essential oil suspension
(100 pL) was added in the first column and a twofold serial dilution were made until the eighth
column. The EgEO concentrations ranged from 0.02 mg/mL to 3.69 mg/mL. Finally, 100 pL
of inoculum suspension was added. Amphotericin B (AmB) and fluconazole (FLU) (Sigma-
Aldrich®) were used as the positive controls. Additional controls also included the sterility
(drug-free medium only) and yeast growth (drug-free medium and inoculum suspension). The
microplates were incubated for 48 h at 35°C and the absorbance was measured in a microplate

reader at a wavelength of 492 nm.

The minimum inhibitory concentration (MICso) was defined as the lowest concentration
of EGEO capable of causing > 50% reduction in optical density (ODag.) relative to ODag2 Iin

negative control (yeast growth control).

The content from wells (50 pL) was subcultured on Sabouraud dextrose agar and
incubated for for 48 h at 35°C, to determine the minimum fungicidal concentration (MFC).
MFC was defined as the lowest concentration capable of causing death of all yeast cells,
characterized by no visible growth on the solid medium. The assays were performed in

quadruplicate.
Time-kill assay

The time-kill assay was performed according to Santos-Filho et al. (2015), with
modifications. To determine the kinetics of fungal death, two strains were selected: a standard
strain ATCC 2001 and a clinical strain URM 4247, in accordance with the MIC and MFC
results. The inoculum suspension (100 pL; 2.5 x 10® CFU/mL) was resuspended in 900 pL of
RPMI 1640 medium buffered with MOPS containing different concentrations of the EQEO
(MIC/2, MIC, and 2xMIC) and incubated at 35 °C on an shaker at 200 rpm. At predetermined
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time points (0, 1, 2, 3, 4, 8, 12, 24 and 48 h) 100 pL aliquots were removed from each solution.
The aliquots were diluted in sterile saline solution and 30 pL were plated on SDA. Colonies
were counted after incubation at 35 °C for 48 h. The yeast growth control was performed
(negative control). The experiment was performed in triplicate.

In vivo assays
Tenebrio molitor

T. molitor larvae were purchased from a commercial supplier (Insetos Brasil — Recife,
Pernambuco, Brazil) and kept in plastic trays (60 cm longx40cm widex12cm) at 26°C + 1 ina
12:12 h light/dark cycle. These individuals were fed ad libitum with wheat bran (12% protein,
2% lipids, 75% carbohydrates and 11% mineral/sugar), pieces of sugarcane and chayote.
Healthy larvae (last instar larval) were chosen for the bioassays.

T. molitor x C. glabrata infection

C. glabrata was cultured in RPMI 1640 medium with MOPS overnight at 37°C. The
cells were centrifuged at 3500 rpm for 10 min. The bacterial pellet was washed twice in
phosphate-buffered saline (PBS) and diluted with PBS to reach a concentration of 2.5x102
cells/mL. T. molitor larvae were microinjected with 1 pL suspensions of C. glabrata (102
cells/mL) using a 1 mL syringe. After 2 h of infection, the larvae were treated with EgEO
(concentrations previously determined as sublethal: 1.153, 2.302, 4.612 mg/mL). The control
larvae were injected with 1 pL of PBS at the same time. Following this, larvae were maintained
under standard rearing conditions in isolation. A total of 30 larvae per treatment (n = 10) were

used and the results represent an average of three biological replications.

Statistical Analysis

Data were expressed as mean * standard deviation. Statistical analysis and graphical
representation of the data were performed using GraphPad Prism 7.0 (GraphPad Software).

Data were analyzed using ANOVA. P values < 0.05 were considered statistically significant.
Results and Discussion

Candida spp. cause mucosal, disseminated and invasive candidiasis, especially among

patients who are immunecompromised or hospitalized with serious underlying diseases. The
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overall mortality for invasive infections caused by Candida spp. requires the emergence of new

therapeutic strategies.

The chemical composition of the essential oil from E. gracillima leaves is shown in
Table 1. The main constituents of EQEO were allo-aromadendrene (16.37%), valencene
(14.59%), a-chamigrene (7.05%), y-himachalene (6.11%), /-elemene (5.89%) and viridiflorene
(5.60%). A total of 39 components were identified in the oil, accounting for 97.02% of the total
composition. All compounds identified belong to the sesquiterpene class.

The antifungal activity of the EQEO is shown in Table 2. The results show that the EQEO
had effective antifungal activity with a MIC range of 0.11 — 1.84 mg/mL, including for isolates
resistant to amphotericin-B and fluconazole. Furthermore, the EO showed fungicidal activity
against all fungi except three clinical isolates of C. glabrata that were resistant to the EO with
MIC > 3.69 mg/mL.

Essential oils containing high content of sesquiterpenes have demonstrad good results
against C. glabrata. The essential oil of Kundmannia syriaca fruits composed mainly of
sesquiterpenes (60.3% of 74.8% of identified compounds) possess antifungal activity against
standard strains of five different human pathogenic Candida species, including C. glabrata
(MIC value of 62.5 ug/mL) (Kaya et al., 2016). The essential oil from leaves of Casearia
sylvestris rich in non-oxygenated sesquiterpenes (72.1%) and its fraction rich in oxygenated
sesquiterpenes were active against standard strain of C. glabrata, presented MIC value of 125
ug/mL for both (Pereira et al., 2017).

Although the studies cited above show excellent results of antifungal activity against C.
glabrata, the essential oils were evaluated only in standard strains. In our study, EQEO was

effective against standard and clinical strains.

Previous studies have reported that sesquiterpenes induce changes in cell permeability,
disrupting lipid packing and causing damage to membrane properties and functions. In addition,
sesquiterpenes are also related to disorders of mitochondrial membrane in Candida species
(Nazzaro et al., 2017; Elhidar et al., 2019).

Sesquiterpene compounds or compositions comprising one or more sesquiterpene compounds
as active ingredients have been proposed for the treatment of infections caused by a large

number of pathogenic fungi, including C. glabrata. These compounds may be administered by
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various means including oral, topical, inhalation, intravenous or parenteral administration
(Vediyappan, Hua, 2015).

Strains of C. glabrata (ATCC 2001 and URM 4247) were submitted to the experimental
method of microbial death kinetics. Yeast growth was analyzed over time while undergoing
different concentrations of EQEO, corresponding to MIC/2, MIC and 2xMIC values (ATCC
2001: 0.23, 0.46, 0.92 mg/mL and URM 4247: 0.05, 0.11, 0.22 mg/mL).

The graphs show the logio of CFU/mL versus time of exposure in the presence of EQEO
and the growth control (Figure 1). The results showed that EgEO inhibited the fungal growth
of the different strains in a similar manner. Analysis of the graphs reveals that the EQEO
concentration MIC has fungistatic activity, since there was a reduction of the fungal growth at
up to 2 h of exposure when compared to the control; this behavior was also seen for the MIC/2
but in much smaller reach. At the concentration of 2xMIC, fungicidal activity was observed
(100% inhibition in C. glabrata viability of the initial inoculum). Therefore, it was possible to
identify in the death kinetics a transition between fungistatic and fungicidal activity, revealing

concentration-dependent fungicidal activity.

Time-kill assay analyzes the interaction of a test product with microorganisms to
characterize a dynamic relationship between concentration and activity over time. The test
reveals a time-dependent or a concentration-dependent an antimicrobial effect (Balouiri et al.,
2016).

The in vivo assay was performed using Tenebrio molitor as the model of infection. The
larvae were infected with the fungal inoculum (ATCC 2001 and URM 4247) and treated with
different concentrations of EQEO (concentrations previously determined as sublethal: 1.153,
2.302, 4.612 mg/mL). The results showed that EQEO at a concentration of 2.302 mg/mL had
potential to combat infection by the standard strain, but was not effective at the other
concentrations tested. In addition, EQEO had no potential to combat infection by the clinical

strain at the concentrations tested (Figure 2).

T. molitor has some important advantages when compared to other alternative models
of invertebrate hosts used in the study of human fungal pathogens. The mealworm can be
incubated at 37 °C which, for many pathogens, is a necessary environmental condition for the
expression of virulence factors. Another advantage is that the inoculum is administered by

injection, allowing the direct introduction into the hemolymph of the larva. In addition, dead
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larvae are easily identified because they become brown by melanization (Canteri de Souza et

al., 2018).

De Souza et al. (2015) evaluated the utility of T. molitor as a model host to study
infections caused by Candida albicans and Cryptococcus neoformans, infecting the larvae with
different concentrations of the pathogens and verifying mortality. The results showed that larval
survival decreased proportionally to the increase of inoculum concentration, similar behavior

to that of Galleria mellonella and mice with these yeasts.

Morey et al. (2016) used T. molitor as model to verify the efficacy of a potential
antifungal agent. In this study, the larvae of T. molitor were infected with Candida tropicalis,
and treated with a tannin-rich fraction from a Stryphnodendron adstringens extract. The
survival of the larvae that received the inoculum containing the fraction of the plant extract was
significantly higher compared to the untreated group, indicating not only that the larvae are
sensitive to C. tropicalis infection, but can also be used as an alternative host model to evaluate

the activity of potential antifungal compounds.

Our study demonstrated that larvae were susceptible to C. glabrata infection. We do not
know of any studies that report the evaluation of a potential antifungal agent using T. molitor

as a model to C. glabrata infection.
Conclusions

According to the results of this study, it is possible to conclude that EQEQ is a promising
source of active molecules with antifungal properties. The biological assays reported in this
investigation show that the EgEO inhibits standard and clinical strains of C. glabrata, including

those with resistance to drugs employed in medical practice.
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Table Captions

Table 1. Chemical compounds identified in the Eugenia gracillima essential oil (EGEO) by
GC-MS.

Table 2. Minimum Inhibitory Concentration (MIC-mg/mL) and Minimum Fungicidal
Concentration (MFC-mg/mL) of Eugenia gracillima essential oil (EgEO) against Candida
glabrata.
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Table 1.

a|_jnear retention indices from the literature. PRetention indices calculated from retention times in relation to
those of a series of n-alkanes on a 30 m DB-5 capillary column.
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Compounds IR? IR® %
1 é-elemene 1335 1330 5.89
2 a-cubebene 1348 1346 0.22
3 a-copaene 1374 1374 0.84
4 B-cubebene 1387 1385 0.73
S B-bourbonene 1387 1387 0.99
6 p-elemene 1389 1390 1.89
7 B-caryophyllene 1417 1413 3.64
8 B-ylangene 1419 1418 0.87
9 p-duprezianene 1421 1420 1.18
10 4,8-p-epoxy-caryophyllene 1423 1422 0.33
11 (E)-a-lonene 1428 1416 1.18
12 B-copaene 1430 1429 1.07
13 p-gurjunene 1431 1430 0.28
14 Aromadendrene 1439 1436 1.46
15 a-neo-clovene 1452 1453 2.15
16  Allo-aromadendrene 1458 1455  16.37
17 9-epi-(E)-caryophyllene 1464 1464 1.39
18  y-gurjunene 1475 1473 0.96
19 y-himachalene 1481 1482 6.11
20 g-amorphene 1483 1483 0.90
21 Germacrene D 1484 1485 0.23
22 §-Selinene 1492 1490 3.72
23 Valencene 1496 1495 14.59
24 Viridiflorene 1496 1496 5.60
25  a-Muurolene 1500 1499 0.62
26 Epozonarene 1501 1501 0.27
27 Trans-B-guaiene 1502 1502 2.45
28  o-chamigrene 1503 1503 7.05
29  p-bisabolene 1505 1506 0.77
30  Germacrene A 1508 1509 0.56
31  a-bulnesene 1509 1510 0.76
32 §-Amorphene 1511 1511 1.40
33  y-Cadinene 1513 1513 4.05
34 (2)-y-bisabolene 1514 1514 0.95
35  Cubebol 1514 1515 2.23
36  Nootkatene 1517 1518 0.30
37  7-epi-a-selinene 1520 1521 0.61
38  Trans-calamenene 1522 1523 0.52
39  §-Cadinene 1522 1525 1.39

Sesquiterpenes 97.02

Total 97.02

99
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Table 2.
AmB*
Candida glabrata MICso MFC FLU* MIC
] Source MIC
Strains (mg/mL)  (mg/mL) (ng/mL)
(Hg/mL)
ATCC 2001 (S) Standard Strain 0.46 1.84 0.5 4
URM 4246 (S) Blood 3.69 >3.69 0.25 1
URM 4247 (S) Blood 0.11 0.92 0.5 2
Oropharyngeal
URM 4264 (R) i 0.92 3.69 4 > 64
secretion
URM 5664 (R) Blood 1.84 3.69 2 > 64
URM 5933 (S) Blood 3.69 >3.69 0.06 0.5
URM 6393 (S) Blood 3.69 >3.69 0.25 2

*AmB: Amphotericin B; FLU: Fluconazole. (S): sensitive; (R): resistant.
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Figures Captions

Figure 1 - Time-kill curves of Candida glabrata ATCC 2001 (A) and URM 4247 (B) following
exposure to the Eugenia gracillima essential oil (EGEO). Control represents the untreated
Candida cells.

Figure 2 - Percent survival of the Tenebrio molitor after infection by Candida glabrata ATCC
2001 (A) and URM 4247 (B) followed by treatment with Eugenia gracillima essential oil
(EQEO).
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Figure 2

(A)
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Tenebrio molitor x C.glabrata infection ATCC 2001

—L_

Percent survival

(B)

100
904
80+
70+
60+
50
404
30+
204
104

0

0

DAY

— PBS
— 1.153 mg/mL + C. glabrata

2.302 mg/mL + C. glabrata
— 4.612 mg/mL + C. glabrata

Tenebrio molitor x C.glabrata infection URM 4247

| — PBS

Percent survival

100
904
80+
704
604
50+
404
30+
204
10-

0

0

DAY

— 1.153 mg/mL + C. glabrata

2.302 mg/mL + C. glabrata
—— 4.612 mg/mL + C. glabrata



Gongcalves, J. P. Caracterizacdo quimica e avalia¢do da toxicidade e do potencial... 104

4 CONCLUSAO

e Os dados obtidos neste trabalho atribuem ao 6leo essencial das folhas de Eugenia
gracillima relevante potencial anti-Staphylococcus aureus e anti-Candida glabrata,
dois importantes patdgenos oportunistas associados a resisténcia aos antimicrobianos
atualmente disponiveis;

e A andlise quimica demonstrou que os compostos identificados no 6leo pertencem a
classe dos sesquiterpenos, conhecidos por suas diversas propriedades biolégicas;

e O 6leo essencial demonstrou baixa toxicidade in vitro para eritrocitos humanos e in vivo
para Tenebrio molitor;

e O Oleo essencial de E. gracillima apresenta um perfil antimicrobiano promissor,
podendo tornar-se um farmaco utilizado para o tratamento de infec¢fes causadas por
micro-organismos multirresistentes.
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Fund (FWF)] you will be given the opportunity to publish your article under a CC-BY license
supporting you in complying with your Funder requirements. For more information on this
policy and the Journal’s compliant self-archiving policy please visit:

http://www.wiley.com/go/funderstatement.
Return to Top
English Editing

Papers must be in English. Oxford English Dictionary or American spelling is acceptable,
provided usage is consistent within the manuscript.

Manuscripts that are written in English that is ambiguous or incomprehensible, in the
opinion of the Editor, will be returned to the authors with a request to resubmit once the
language issues have been improved.
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This policy does not imply that all papers must be written in "perfect" English, whatever that
may mean. Rather, the criterion will require that the intended meaning of the authors must be
clearly understandable, i.e., not obscured by language problems, by referees who have agreed
to review the paper.

Authors for whom English is a second language may choose to have their manuscript
professionally edited before submission to improve the English. A list of independent suppliers
of editing services can be found at http://wileyeditingservices.com/en/

Japanese authors can also find a list of local English improvement services at
http://lwww.wiley.co.jp/journals/editcontribute.html

All services are paid for and arranged by the author, and use of one of these services does not
guarantee acceptance or preference for publication.

Return to Top
Presentation of papers

Manuscript style. Use a standard font of the 12-point type: Times, Helvetica, or Courier is
preferred. Manuscripts should be single spaced. Tables must be on separate pages after the
reference list, and not be incorporated into the main text. Figures should be uploaded as separate
figure files.

e Overview. The article should consist of Title page (including full title, short title,
names/address/affiliations of authors, contact details, keywords); Standard Abstract plus
Short Abstract (for table of contents); Introduction; Materials and Methods (with relevant
subsections); Results; Discussion (Results and Discussion should not be combined);
Reference List; Figure Legends; Tables; Figures. Further details are provided below. The
on-line submission process also requests information contained in the paper. Check the
on-line submission PDF of your article to ensure it is complete.

e During the submission process you must enter 1) the full title 2) the short title of up to 70
characters 3) names and affiliations of all authors and 4) the full address, including email,
telephone and fax of the author who is to check the proofs.

e Include the name(s) of any sponsor(s) of the research contained in the paper, along with
grant number(s).

« Enter an abstract of no more than 250 words for all articles. Please see the guidance below
on “Writing abstracts” for JAT.

o Keywords. Authors should prepare no more than 10 keywords for their manuscript.

e Introduction, results and discussion. These should be separate sections. The
Introduction should make clear the hypothesis being examined/rationale for the study in
the context of the literature. The results should describe the key findings referring to all
tables and figures (statistical P values should not be repeated if given in tables or
figures). The discussion should place the findings in context with the literature and
highlight the advancements made by the study (e.g. to mechanistic understanding).

e Materials and methods. Subsections should be used in the methods with headings such
as Animals (see details required below); Chemicals; Experimental Design (see details
required below); Treatments; Dose Administration (see details below); Tissue Preparation
etc. Sufficient detail should be presented in the methods to allow independent replication
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of the study (previously published work can be referenced for full details but salient
information should still be presented such that the article can stand alone). The source and
supply of all materials used must be provided (any chemicals or extracts not obtained from
internationally recognised quality controlled suppliers require full chemical analytical
characterisation- see below). This includes the source/supplier of all chemicals, reagents,
culture media etc.

o For Animals - The species, strain, supply, age, sex of animals must be clearly stated
together with their maintenance (including temperature, humidity, light cycle,
caging and supplier/brand of food).

o For Experimental design - The number of animals, group sizes and allocation
should be clearly presented (a diagram can be used for complex designs).

o For Dose Administration - The basis of dose selection should be stated. A brief
method of dose manufacture should be stated (see also notes below on extracts and
nanoparticles). Dose route of administration (eg oral gavage), dose volume (eg
mL/Kg body weight) and vehicle should be stated. Dose frequency should be
clearly stated (eg once per day for 28 consecutive days).

o Similar detail should be provided for in vitro studies (eg dose concentrations,
replicates etc)

e Appropriate welfare guidelines should be stated. Note that internationally recognised
standards of animal welfare are expected and should be stated over and above institutional
ethical committee approval.

o Particular attention needs to be applied to Reference Style and the quality/standard
requirements for figures including chemical structures and histopathology
photomicrographs and further details are given in dedicated sections below.

For extractions of natural origin (eg plant extracts) the method of extraction and full chemical
analysis of the actual materials derived and used in the experiment must be given (including
analytical spectra, traces etc). This applies to all chemicals not obtained from an internationally
recognised quality controlled chemical supplier. Pesticides should be the pure active ingredient
(technical grade) and not branded formulations.

Nanoparticles should be appropriately characterised to confirm their physico-chemical
characteristics (eg shape, size distribution etc) as used in the reported experiments (the
preparation of nanoparticle suspensions should be detailed).
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Writing Abstracts

An abstract is a concise summary of the whole paper, not just the conclusions. The paper
should have a standard Abstract and also a Short Abstract (see below). Subsections should
not be used. The standard abstract should be no more than 250 words and convey the following:

1. An introduction to the work. This should be accessible by scientists in any field and express
the necessity of the experiments executed
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2. Some scientific detail regarding the background to the problem

3. A summary of the main result

4. The implications of the result

5. A broader perspective of the results, once again understandable across scientific disciplines

It is crucial that the abstract convey the importance of the work and be understandable without
reference to the rest of the manuscript to a multidisciplinary audience. Abstracts should not
contain any citation to other published works.

Short Abstract for Table of Contents

In addition to the standard abstract, please also supply a short abstract of up to 80 words for
publication in the table of contents. This should be provided immediately below the standard
abstract.
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Reference Style

References should be prepared according to the Publication Manual of the American
Psychological Association (6th edition). This means in text citations should follow the author-
date method whereby the author's last name and the year of publication for the source should
appear in the text, for example, (Jones, 1998). For 3 or more authors use et al, for example,
Smith, Jones and Brown (1999) becomes Smith et al (1999). The complete reference list should
appear alphabetically by name at the end of the paper.

Note that full journal names are required not abbreviations (ie Journal of Applied
Toxicology and not J. Appl. Toxicol).

A sample of the most common entries in reference lists appears below. Please note that a DOI
should be provided for all references where available. For more information about APA
referencing style, please refer to the APA FAQ. Please note that for journal articles, issue
numbers are not included unless each issue in the volume begins with page one.

Example of reference with 2 to 7 authors

Beers, S. R., & De Bellis, M. D. (2002). Neuropsychological function in children with
maltreatment-related posttraumatic stress disorder. The American Journal of Psychiatry, 159,
483-486. doi: 10.1176/appi.ajp.159.3.483

Ramus, F., Rosen, S., Dakin, S. C., Day, B. L., Castellote, J. M., White, S., & Frith, U. (2003).
Theories of developmental dyslexia: Insights from a multiple case study of dyslexic adults.
Brain, 126(4), 841-865. doi: 10.1093/brain/awg076

Example of reference with more than 7 authors

Rutter, M., Caspi, A., Fergusson, D., Horwood, L. J., Goodman, R., Maughan, B., ... Carroll,
J. (2004). Sex differences in developmental reading disability: New findings from 4
epidemiological studies. Journal of the American Medical Association, 291(16), 2007-2012.
doi: 10.1001/jama.291.16.2007

Example of other references
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van Bergen, E., de Jong, P. F., Maassen, B., Krikhaar, E., Plakas, A., & van der Leij, A. (in
press). 1Q of four-year-olds who go on to develop dyslexia. Journal of Learning Disabilities.
doi: 10.1177/0022219413479673

Howell, K. W., Fox, S. L., & Morehead, K. W. (1993). Curriculum-based evaluation: Teaching
and decision making (2nd ed.). Pacific Grove, CA: Brooks/Cole Publishing Company.

Fan, K. Y. (1986, September). Graphic symbol of the Chinese character. Paper presented at the
meeting of the Symposium of Chinese Character Modernization, Beijing, China.
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Illustrations, Photomicrographs and Chemical Structures

Upload each illustration as a separate file in either .tiff or .eps format, with the figure number
and the top of the figure indicated. Compound figures e.g. 1a, b, ¢ should be uploaded as one
figure. Tints are not acceptable. Lettering must be of a reasonable size that would still be clearly
legible upon reduction, and consistent within each figure and set of figures. Where a key to
symbols is required, please include this in the artwork itself, not in the figure legend. All
illustrations must be supplied at the correct resolution:

o Black and white and colour photos - 300 dpi
e Graphs, drawings, etc - 800 dpi preferred; 600 dpi minimum
o Combinations of photos and drawings (black and white and colour) - 500 dpi

Special care needs the quality of microphotographs. Before submitting microphotographs,
please read the information on the Wiley Blackwell's website
at:http://authorservices.wiley.com/bauthor/illustration.asp

Vector graphics (e.g. line artwork) should be saved in Encapsulated Postscript Format (EPS),
and bitmap files (e.g. photographs) in Tagged Image File Format (TIFF). Line art must be
scanned at a minimum of 800 dpi, photographs at a minimum of 300 dpi.

Tables should be part of the main document and should be placed after the references. If the
table is created in excel the file should be uploaded separately.

Chemical structures should be prepared in ChemDraw either 80mm (one column) or 175mm
(two column) widths. However, the one-column format should be used whenever possible as
this allows greater flexibility in the layout of the manuscript. Use the ChemDraw Download at
onlinelibrary.wiley.com/journal/10.1002/(1SSN)1521-3773/angew-cds.zip or use the following
settings:

Drawing settings Text settings

chain angle 120° font Arial

bond spacing 18% of length size 12 pt
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fixed length 17 pt

bond width 2 pt Preferences

line width 0.75 pt units points
margin width 2 pt tolerances 5 pixels
hash spacing 2.6 pt

Bold width 2.6 pt

Authors using different structural drawing programs should choose settings consistent with
those above. Compound numbers should be bold, but not atom labels or captions.
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Colour policy

When considered necessary by the Editors, two colour pages per article will be printed free of
charge. The cost of additional colour illustrations printed in the journal will be charged to the
author. If colour illustrations are supplied electronically in either TIFF or EPS format, they may
be used in the PDF of the article at no cost to the author, even if this illustration was printed in
black and white in the journal. The PDF will appear on the Wiley Online Library site.
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Supporting Information

Supporting Information can be a useful way for an author to include important but ancillary
information with the online version of an article. Examples of Supporting Information include
additional tables, data sets, figures, movie files, audio clips, 3D structures, and other related
nonessential multimedia files. Supporting Information should be cited within the article text,
and a descriptive legend should be included. It is published as supplied by the author, and a
proof is not made available prior to publication; for these reasons, authors should provide any
Supporting Information in the desired final format.

For further information on recommended file types and requirements for submission, please
visit: http://authorservices.wiley.com/bauthor/suppinfo.asp
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Further Information

For accepted manuscripts the publisher will supply proofs to the submitting author prior to
publication. This stage is to be used only to correct errors that may have been introduced during
the production process. Prompt return of the corrected proofs, preferably within two days of
receipt, will minimise the risk of the paper being held over to a later issue. Free access to the
final PDF of the article will be available via Author Services only. Reprints can be purchased
at current printing prices. There is no page charge to authors.
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Manuscript accepted for publication? If so, check out our suite of tools and services for authors
and sign up for:

e Atrticle Tracking
o E-mail Publication Alerts
o Personalization Tools

Return to Top
Ethical Treatment of Humans and Animals

All human and animal studies must be approved by an appropriate ethics committee or review
board (depending on local arrangements), and a statement to this effect should be included in
the methods section, or the reasons why it was not necessary if this is the case. All clinical
investigations must have been conducted according to the principles expressed in the
Declaration of Helsinki (http://www.wma.net).
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Readership

Toxicologists ¢ toxicologic pathologists * environmental scientists * occupational hygienists °
clinical pharmacologists * risk assessment specialists

Guidelines for Cover Submissions

If you would like to send suggestions for artwork related to your manuscript to be considered
to appear on the cover of the journal, please follow these general guidelines.
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Video Abstracts

Bring your research to life by creating a video abstract for your article! Wiley partners with
Research Square to offer a service of professionally produced video abstracts. Learn more about
video abstracts at www.wileyauthors.com/videoabstracts and purchase one for your article
at https://www.researchsquare.com/wiley/ or through your Author Services Dashboard. If you
have any questions, please direct them to videoabstracts@wiley.com.
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ANEXO B - GUIDE FOR AUTHORS

MICROBIOLOGICAL RESEARCH

Microbiological Research

Guide for Authors

Microbiological Research is devoted to publishing reports on prokaryotic and eukaryotic
microorganisms such as yeasts, fungi, bacteria, archaea, and protozoa. Research on interactions
between pathogenic microorganisms and their environment or hosts are also covered. The
research should be original and include molecular aspects to generate a significant contribution
of broad interest. Papers of very specialised or of preliminary and descriptive content will
normally not be considered.

Studies in the following sections are included:

*Reviews/Minireviews on all aspects
*Microbiology and Genetics

*Molecular and Cell Biology

*Metabolism and Physiology

*Signal transduction and Development
*Biotechnology

*Phytopathology

» Environmental Microbiology and Ecology
Submission checklist

You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:
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Manuscript:

* Include keywords

« All figures (include relevant captions)

» All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

» A competing interests statement is provided, even if the authors have no competing interests
to declare

» Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. Authors must
disclose any interests in two places: 1. A summary declaration of interest statement in the title
page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to
declare then please state this: 'Declarations of interest: none'. This summary statement will be
ultimately published if the article is accepted. 2. Detailed disclosures as part of a separate
Declaration of Interest form, which forms part of the journal's official records. It is important
for potential interests to be declared in both places and that the information matches. More
information.
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Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication’ for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your
article may be checked by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see
‘Multiple, redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about the
beliefs or commitments of any reader, should contain nothing which might imply that one
individual is superior to another on the grounds of race, sex, culture or any other characteristic,
and should use inclusive language throughout. Authors should ensure that writing is free from
bias, for instance by using 'he or she', 'his/her" instead of 'he' or 'his’, and by making use of job
titles that are free of stereotyping (e.g. ‘chairperson’ instead of ‘chairman’ and 'flight attendant’
instead of 'stewardess').

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the
reason for the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition or removal
of authors, this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already been
published in an online issue, any requests approved by the Editor will result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
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Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement’ form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale
or distribution outside the institution and for all other derivative works, including compilations
and translations. If excerpts from other copyrighted works are included, the author(s) must
obtain written permission from the copyright owners and credit the source(s) in the article.
Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete
an 'Exclusive License Agreement' (more information). Permitted third party reuse of gold open
access articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study
design; in the collection, analysis and interpretation of data; in the writing of the report; and in
the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to

comply with their funder's open access policies. Some funding bodies will reimburse the author
for the gold open access publication fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:
Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our universal access programs.
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* No open access publication fee payable by authors.

» The Author is entitled to post the accepted manuscript in their institution's repository and
make this public after an embargo period (known as green Open Access). The published
journal article cannot be shared publicly, for example on ResearchGate or Academia.edu, to
ensure the sustainability of peer-reviewed research in journal publications. The embargo
period for this journal can be found below.

Gold open access
* Articles are freely available to both subscribers and the wider public with permitted reuse.
* A gold open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer
review criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a
collective work (such as an anthology), text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the author's
honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they
do not alter or modify the article. The gold open access publication fee for this journal is
USD 1800, excluding taxes. Learn more about Elsevier's pricing policy:
https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our open access page for
further information. Authors can also self-archive their manuscripts immediately and enable
public access from their institution's repository after an embargo period. This is the version that
has been accepted for publication and which typically includes author-incorporated changes
suggested during submission, peer review and in editor-author communications. Embargo
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period: For subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers before an article becomes freely available to the public. This is
the embargo period and it begins from the date the article is formally published online in its
final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate

possible grammatical or spelling errors and to conform to correct scientific English may wish
to use the English Language Editing service available from Elsevier's WebShop.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used
in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your
article for final publication. All correspondence, including notification of the Editor's decision
and requests for revision, is sent by e-mail.

Submit your article

Please submit your article via https://www.evise.com/profile/api/navigate/MICRES.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

u Preparation

Peer review

This journal operates a single blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The
Editor is responsible for the final decision regarding acceptance or rejection of articles. The
Editor's decision is final. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
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formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar
to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
https://www.elsevier.com/guidepublication). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the section
on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and ‘grammar-
check'’ functions of your word processor. Number pages and lines consecutively throughout the
manuscript.

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each
heading should appear on its own separate line. Subsections should be used as much as possible
when cross-referencing text: refer to the subsection by heading as opposed to simply ‘the text'.
Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the
source. Any modifications to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in
the Introduction and lay the foundation for further work. In contrast, a Calculation section

represents a practical development from a theoretical basis.

Results

Results should be clear and concise.

Discussion
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This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1,
etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

 Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. Present the
authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in
front of the appropriate address. Provide the full postal address of each affiliation, including
the country name and, if available, the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.

« Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately



Gongcalves, J. P. Caracterizacdo quimica e avalia¢do da toxicidade e do potencial... 131

from the article, so it must be able to stand alone. For this reason, References should be avoided,
but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should
be submitted as a separate file in the online submission system. Image size: Please provide an
image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should
be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file
types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their
images and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be
sparing with abbreviations: only abbreviations firmly established in the field may be eligible.
These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,

yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or
other research institution, submit the name of the institute or organization that provided the
funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units
(SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are
often more conveniently denoted by exp. Number consecutively any equations that have to be
displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors can build footnotes into the text, and this feature may be used. Otherwise,
please indicate the position of footnotes in the text and list the footnotes themselves separately
at the end of the article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

« Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.
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A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork
is finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF)
or MS Office files) and with the correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color online (e.g., ScienceDirect and other sites) in addition to color reproduction
in print. Further information on the preparation of electronic artwork.

Hlustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert
illustrators can produce scientific, technical and medical-style images, as well as a full range of
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charts, tables and graphs. Image 'polishing' is also available, where our illustrators take your
image(s) and improve them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure.
A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication’. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and pagination
may prevent link creation. When copying references, please be careful as they may already
contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser
Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in
the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
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etc.), should also be given. Web references can be listed separately (e.g., after the reference list)
under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference
so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue

Please ensure that the words 'this issue’ are added to any references in the list (and any citations
in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only
need to select the appropriate journal template when preparing their article, after which citations
and bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations as
shown in this Guide. If you use reference management software, please ensure that you remove
all field codes before submitting the electronic manuscript.

More information on how to remove field codes from different reference management software.
Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link: http://open.mendeley.com/use-citation-style/microbiological-research
When preparing your manuscript, you will then be able to select this style using the Mendeley
plug-ins for Microsoft Word or LibreOffice.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either
first alphabetically, then chronologically, or vice versa. Examples: 'as demonstrated (Allan,
2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as demonstrated (Jones, 1999; Allan,
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2000)... Kramer et al. (2010) have recently shown ..." List: References should be arranged first
alphabetically and then further sorted chronologically if necessary.

More than one reference from the same author(s) in the same year must be identified by the
letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication: VVan der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The
art of writing a scientific article. J. Sci. Commun. 163, 51-59.
https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number: Van der Geer, J., Hanraads, J.A.J.,
Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book: Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed.
Longman, New York.

Reference to a chapter in an edited book: Mettam, G.R., Adams, L.B., 2009. How to prepare an
electronic version of your article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the
Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Reference to a website: Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March
2003).

Reference to a dataset: [dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015.
Mortality data for Japanese oak wilt disease and surrounding forest compositions. Mendeley
Data, v1. https://doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be done
in the same way as a figure or table by referring to the video or animation content and noting
in the body text where it should be placed. All submitted files should be properly labeled so
that they directly relate to the video file's content. . In order to ensure that your video or
animation material is directly usable, please provide the file in one of our recommended file
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect. Please supply 'stills’ with your files: you can choose any
frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded
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in the print version of the journal, please provide text for both the electronic and the print
version for the portions of the article that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the Track Changes' option in Microsoft Office files as these will appear in
the published version.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to share your software,
code, models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and
reference list. Please refer to the "References"” section for more information about data citation.
For more information on depositing, sharing and using research data and other relevant research
materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission system.
For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data
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This journal supports Mendeley Data, enabling you to deposit any research data (including raw
and processed data, video, code, software, algorithms, protocols, and methods) associated with
your manuscript in a free-to-use, open access repository. During the submission process, after
uploading your manuscript, you will have the opportunity to upload your relevant datasets
directly to Mendeley Data. The datasets will be listed and directly accessible to readers next to
your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data
into one or multiple data articles, a new kind of article that houses and describes your data. Data
articles ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and
publicly available to all upon publication. You are encouraged to submit your article for Data
in Brief as an additional item directly alongside the revised version of your manuscript. If your
research article is accepted, your data article will automatically be transferred over to Data in
Brief where it will be editorially reviewed and published in the open access data journal, Data
in Brief. Please note an open access fee of 500 USD is payable for publication in Data in Brief.
Full details can be found on the Data in Brief website. Please use this template to write your
Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during
the submission process, for example by stating that the research data is confidential. The
statement will appear with your published article on ScienceDirect. For more information, visit
the Data Statement page.

u After Acceptance

Availability of accepted article

This journal makes articles available online as soon as possible after acceptance. This concerns
the accepted article (both in HTML and PDF format), which has not yet been copyedited,
typeset or proofread. A Digital Object Identifier (DOI) is allocated, thereby making it fully
citable and searchable by title, author name(s) and the full text. The article's PDF also carries a
disclaimer stating that it is an unedited article. Subsequent production stages will simply replace
this version.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.
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If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF. We will do everything possible to get your article
published quickly and accurately. Please use this proof only for checking the typesetting,
editing, completeness and correctness of the text, tables and figures. Significant changes to the
article as accepted for publication will only be considered at this stage with permission from
the Editor. It is important to ensure that all corrections are sent back to us in one communication.
Please check carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which is
sent once the article is accepted for publication. Both corresponding and co-authors may order
offprints at any time via Elsevier's Webshop. Corresponding authors who have published their
article gold open access do not receive a Share Link as their final published version of the article
is available open access on ScienceDirect and can be shared through the article DOI link.
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